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EXPANDABLE CONNECTOR 
Backgrouad of the Invention 
This invention relates general^ to wellbore casings, and in particular to 
wellbore casings that are formed using expandable tubing. 

Conventionally, when a wellbore is created, a nunaber of casings are 
5 installed in the borehole to prevent collapse of the borehole waU and to prevent 
undesired outflow of drilling fluid into the formation or inflow of fluid from the 
formation into the borehole. The borehole is drilled in intervals whereby a 
casing which is to be installed in a lower borehole interval is lowered through a 
previously instaUed casing of an upper borehole interval. As a consequence of 
10 this procedure the casing of the lower interval is of smaller diameter than the 
casing of the upper int«-val. Thus, the casings are in a nested arrangement with 
casing diameters decreasing in downward direction. Cement annuli are 
provided between the outer surfaces of the casings and the borehole wall to seal 
the casings from the borehole wall. As a consequence of this nested 
15 arrangement a relatively large borehole diameter is required at the upper part 
of the wellbore. Such a large borehole diameter involves increased costs due to 
heavy casing handling equipment, large drill bits and increased voltmies of 
drilling fluid and drill cuttings. Moreover, increased drilling rig time is involved 
due to required cement pun4>ing, cemoit hardening, required equipment 
20 changes due to large variations in hole diameters drilled in the course of the 
well, and the large volume of cuttings driUed and removed. 

Conventionally, at the sur&oe end of the wellbore, a wellhead is formed 
that typically indudee a surface casing, a number of production and/or drilling 
spools, valving, and a Christmas tree. Typically the wellhead further includes a 
25 concentric arrangement of casings including a production casing and one or 
more intermediate casings. The casings are typically supported using load 
bearing slips positioned above the ground. The conventional design and 
construction of wellheads is expensive and complex. 

Conventionally, a wellbore casing cannot be formed during the drilling of 
30 aweUbore. Typicalfy,'the wellbore is drilled and then a wellbore casing is 
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formed in the newly drilled section of the wellbore. This delays the compietioQ 
of a well. 

The present invention is directed to overcoming one or more of the 
limitations of the existing procedures for forming wellbores and wellheads. 
5 Summary of the Invention 

According to one aspect of the present invention, a method of forming a 
wellbore casing ia provided thai includes installing a tubular liner and a 
mandrel in the borehole, iiuecting fluidic material into the borehole, and 
radially expanding Oie liner in the borehole by extruding the liner off of the 
10 mandrel. 

According to another aspect of the present invention, a method of 
forming a wellbore casing is provided that includes drilling out a new section of 
the borehole acQacent to the etready existing casing. A tubular liner and a 
mandrel are then placed into the new section of the borehole with the tubular 
15 liner overlapping an abeady existing casing. A hardaiable Quidic sealing 
material is injected into an annular r^on between the tubular lino- and the 
new section of the borehole. The annular region between the tubular liner and 
the new section of the borehole ia then fluidicfy isolated firom an interior region 
of the tubular Mer below the mandrel. A non hardenable fluidic material is 
20 then ii\jected into the interior region of the tubular liner below tiie mandrel. 
The tubular lino: is extruded off of the mandrel. The overlap between the 
tubular iinv and the already existing casing is sealed. The tubular liner is 
supported by overlap with the afareadty existing casing. The mandrel is rwioved 
from the bordide. The integrity of the seal of the overlap betweeu the tubular 
25 liner and the afareadyensting casing ia tested. At least a port^ 

quantity of the hardenable fluidic sealing material is removed bom the interior 
of the tubular liner. The remaining portioxia of the fluidic hardenable fluidic 
sealing material are cured. At least a portion of cured fluidic hardenable sealing 
material within the tubular liner is removed. 
30 According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, a tubular membv, and a shoe. The support member includes a Grst 
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nuid passage. The mandrel is coupled to the support member and includes a 
second fluid passage. The tubular member is coupled to the mandrel. The shoe 
is coupled to the tubular liner and includes a third fluid passage. The first, 
second and third fluid passages are operably coupled. 
5 According to another aspect of the present invention^ an apparatus for 

expanding a tubular member is provided that includes a support member, an 
apandable mandrel, a tubular member, a shoe, and at least one sealing 
member. The support member includes a first fluid passage, a second fluid 
passage, and a flow control valve coupled to the iirst and second fluid passages. 

10 The expandable mandrd is coupled to the support member and includes a third 
fluid passage. The tubular member is coupled to the mandrel and includes one 
or more sealing elements. The shoe is coupled to the tubular member and 
includes a fourth fluid passage. The at least one sealing member is adapted to 
prevent the entry of foreign material into an interior region of the tubular 

15 member. 

According to another aspect of the present invention, a method of joining 
a second tubular member to a first tubular member, the first tubular member 
having an inner diameter greater than an outer diameter of the second tubular 
member, is provided that includes positioning a mandrel within an interior 
20 region of the second tubular member. A portion of an interior r^on of the 
second tubular member is pressurized and the second tubular member is 
extruded oS of the mandrel into engagement with the first tubular membo*. 

According to another aspect of the present invention, a tubular liner is 
provided that indudes an annular member having one or more sealing members 
25 at an end portion of the anniiiwT' member, and one or more pressure rehef 
passages at an end portion of the Annii|«r membv. 

According to another aspect of the present invention, a wellbore casing is 
provided that includes a tubular liner and an annular bo<ty of a cured fluidic 
sealing material. The tubular linear is formed by the process of extruding the 
30 tubular liner off of a mandreL 

According to another aspect of the present invention, a tie-back liner for 
lining an existing wellbore casing is provided that includes a tubular liner and 

-3- 

SUBSTITUTE SHEET (RULE 26) 



wo 00/77431 



PCT/ILOO/00245 



an axmular body of cia^ fluidic sealing material. The tubular liner is formed 
hy the process of extruding the tubular liner off of a mandrel. The annular 
body of a cured fluidic sealing material is coupled to the tubular liner. 

According to another aspect of the present invention^ an apparatus for 
5 expanding a tubular member is provided that includes a support member, a 
mandrel, a tubular member and a shoe. The support member includes a first 
fluid passage. The mandrel is coupled to the support member. The mandrel 
indudes a second fluid passage operably coupled to the first fluid passage, an 
interior portion, and an exterior portion. The interior portion of the mandrel is 

10 drillable. The tubular member is coupled to the mandrel. The shoe is coupled 
to the tubular member. The shoe includes a third fluid passage operably 
coupled to the second fluid passage, an interior portion, and an exterior portion. 
The interior portion of the shoe is drillable. 

According to another aspect of the present invention, a wellhead is 

15 provided that indudes an outor casing and a plurality of concentric inner 
casings coupled to the outer casing. Each inner casing is supported by contact 
pressure between an outer surface of the inner casing and an inner surface of 
the outer casing. 

According to another aspect of the present invention, a wellhead is 
20 provided that indude an outer casing at least partially positioned within a 

wellbore and a plurality of substantially concentric inner casings coupled to the 
interior surface of the outer casing. One or more of the inner rftfling« are 
coupled to the out« casing by expanding one or more of the inna casings into 
contact with at least a portion of the interior surface of the outer casing. 
25 According to another aspect of the present invention, a method of 

forming a wellhead ia provided that indudes drilling a wellbore. An outer 
casing is positioned at least partially within an upper portion of the wellbore. A 
first tubular member is positioned within the outer casing. At least a portion of 
the first tubular member is expanded into contact with an interior surface of 
30 the outer casing. A second tubular member is positioned within the outer 
casing and the first tubular member. At least a portion of the second tubular 
member is expanded into contact with an interior portion of the outer casing. 
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According to another aspect of the present invention, an apparatus is 
provided that includes an oujter tubular member, and a plurality of 
subs t antially concentric and overlapping inner tubular members coupled to the 
outer tubular member. Each inner tubular member is supported by contact 
5 pressure between an outer surface of the inner casing and an inner surface of 
the outer inner tubular member. 

According to another aspect of the present invention, an apparatus is 
provided that includes an outer tubular member, and a plurality of 
substantially concentric inner tubular members coupled to the interior surface 
10 of the outer tubular member by the process of expanding one or more of the 
inner tubular members into contact with at least a portion of the interior 
surface of the outer tubular member. 

According to another aspect of the present invention, a wellbore casing is 
provided that includes a first tubular member, and a second tubular member 
15 coupled to the first tubular member in an overlapping relationship. The inner 
diameter of the first tubular member is substantially equal to the inner 
diameter of the second tubular member. 

According to another aspect of the present invention, a wellbore casing is 
provided that includes a tubtdar member including at least one thin wall section 
20 and a thick wall section, and a compressible annular miember coupled to each 
thin wall section* 

According to «nothw aspect of the present invention, a method of 
creating a casing in a borehole located in a subterranean formation is provided 
that includes supporting a tubular liner and a mandrel in the borehole using a 
25 support member. A fluidic material is injected into the borehole. An interior 
region of the mandrel is pressurized. A portion of the mandrd is displaced 
relative to the support member. The tubular liner is expanded. 

According to another aspect of the present invention, a wellbore casing is 
provided that includes a first tubular member having a first inside diameter, 
30 and a second tubular member having a second inside diameter substantially 
equal to the first inside diameter coupled to the first tubular member in an 
overlapping relationship. The first and second tubular members are coupled by 
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the process of defonning a portion of the second tubular member into contact 
with a portion qf the first tubular member 

According to another aspect of the present invention, an i4>paratus for 
expanding a tubular member is provided that includes a support member 
5 including a fluid passage, a mandrel movabfy coupled to the support member 
including an expansion cone, at least one pressure chamber defined by and 
positioned between the support member and mandrel fluidicly coupled to the 
first fluid passage, and one or more releasable supports coupled to the support 
member adapted to support the tubular member* 

10 According to another aspect of the present invention, an apparatus is 

provided that includes one or more soUd tubular members, each solid tabular 
member including one or more external seals, one or more slotted tubular 
members coupled to the solid tubiilar members, and a shoe coupled to one of the 
slotted tubular members. 

15 According to another aspect of the present invention, a method of joining 

a second tubtdar member to a first tubular member, the first tubular member 
having an inner diameter greater than an outer diameter of the second tubular 
member is provided that includes positioning a mandrel within an interior 
region of the second tubular membs. A portion of the interior region of the 

20 mandrel is pressurized. The mandrel is displaced relative to the second tubular 
member. At least a portion of the second tubular member is extruded off of the 
mandrel into engagement with the first tubular member. 

Aooording.to another aspect of the present invention, an apparatus is 
provided that indudea one or more primaiy solid tubulara, each primary solid 

25 tubular including one or more extanal annular seala, n slotted tubulars coupled 
to the primary solid tubulara, n-1 intennediate solid tubulara coupled to and 
interleaved among the slotted tubulars, each intermediate solid tubular 
including one or more external annular seals, and a shoe coupled to one of the 
slotted tubulara. 

30 According to another aspect of the present invention, a method of 

isolating a first subterranean zone fit>m a second subterranean zone in a 
welibore is provided that includes positioning one or more primaiy solid 
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tubulara within the wellbore, the primary solid tubulars traversing the first 
subterranean zone. One or more slotted tubulars are also positioned within the 
wellbore, the slotted tubulars traversing the second subterranean zone. The 
slotted tubulars and the soUd tubulars are fluididy coupled The passage of 
5 fluids from the first subterranean zone to the second subterranean zone within 
the wellbore external to the solid and slotted tubulars is prevented. 

According to another aspect of the present invention, a method of 
extracting materials from a producing subterranean zone in a wellbore, at least 
a portion of the wellbore including a casing, is provided that includes 

10 positioningoneor more priniaxysoUd tubulars within the wellbore. The 
primary solid tubulars with the casing are fluididy coupled. One or more 
slotted tubulars are positioned within the wellbore, the slotted tubulars 
traversing the producing subterranean zone. The slotted tubulars are fluididy 
coupled with the solid tubulars. The producing subterranean zone is flmdidy 

15 isolated from at least one other subterranean zone within the wellbore. At least 
one of the slotted tubulars is fluididy isolated from the producing subterranean 
zone. 

According to another aspect of the present invention, a method of 
creating a casing in a borehole while also drilling the borehole is also provided 

20 that indudes installing a tubular liner, a mandrel, and a drilling assembly in 
the borehole. A fluidic material is injected within the tubular liner, mandrel 
and drilling asaemb^. Atleaataportionofthe tubular liner is radially 
expanded while the borehole is drilled using the drilling asaemb^. Ina 
preferred embodiment, the injecting indudes iiyecting the fluidic material 

25 within an expandable chamber. 

According to another aspect of the present invention, an ^q>aratus is 
also provided that indudes a support member, the support mmber induding a 
first Quid passage; a mandrd coupled to the support member, the mandrel 
induding; a second fluid passage; a tubular member coupled to the mandrel; 

30 and a shoe coupled to the tubular liner, the shoe induding a third fluid passage; 
and a drilling assembfy coupled to the shoe; wherein the first, second and third 
fluid passages and the drilling assembly are operably coupled 
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Acxording to another aspect of the present invention, a method of 
forming an undergroiind pipeline within an underground tunnel including at 
least a first tubular member and a second tubular men^ber, the Grst tubular 
member having an inner diameter greater than an outer diameter of the second 
5 tubular member, is also provided that indudea positioning the first tubular 
member within the tunnel; positioning the second tubular member within the 
tunnel in an overlapping relationahip with the first tubular member; 
positioning a mandrel and a drilling assraibly within an interior r^on of the 
second tubular member; iiyecting a fluidic material within the mandrel, drilling 

10 assembly and the second tubular member; extruding at least a portion of the 
second tubular member ofif of the mandrel into oigagement with the first 
tubular member; and drilling the timnel. 

According to another aspect of the preset invention, an apparatus is 
also provided that includes a wellbore, the wellbore formed by the process of 

15 drilling the wellbore; and a tubular liner positioned within the wdlbore, the 
tubular liner formed by the process of extruding the tubular liner off of a 
mandrel while drilling the wellbore* In a preferred embodiment, the tubular 
liner is formed by the process of: placing the tubular liner and mandrel within 
the wellbore; and pressiurizing an interior portion of the tubular liner. 

20 According to another aspect of the present invention, a method of 

forming a wellbore casing in a wellbore is also provided that includes drilling 
out the wellbore while forming the wellbore casing. 

According to another aspect of the present invention, a method of 
expanding a tubular member is provided that indudes placing a mandrd within 

25 the tubular member, pressurizing an annular region within the tubular 
member, and displacing the mandrel with respect to the tubular mexaher. 

According to another aspect of the present invmtion, a method of 
coupling a tubular member to preexisting structure is provided that indudes 
positioning the tubular member in an overlapping relationship to the 

30 preexisting structure; pladng a mandrel within the tubular member, 

pressurizing an annular region within the tubular member, and displacing the 
mandrel with respect to the tubular member* 
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According to another aspect of the present invention, a meUiod of 
repairing a defect in a preexisting structure using a tubular member is provided 
that includes positioning the tubular member in an overlapping relationship to 
the defect in the preeodsting structure, placing a mandrel within the tubular 
5 member, pressurizing an annular region within the tubular member, and 
displacing the mandrel with respect to the tubtilar member. 

According to another aspect of the present invention, an apparatus for 
radially expanding a tubular member is provided that includes a first tubular 
member, a second tubular member positioned within the first tubular member, 
10 a third tubular member movabfy coupled to and positioned within the second 
tubular member, a first annular sealing member for sealing an interface 
between the first and second tubular members, a second annular sealing 
member for sealing an interface between the second and third tubular 
members, and a mandrel positioned within the first tubular member and 
15 coupled to an end of the third tubular member. 

According to another aspect of the present invention, an iq)paratus is 
provided that includes a tubular member, a piston adi^ted to expand the 
diameter of the tubular member positioned within the tubular member, and an 
annular chamber defined by the piston and tubular member. The piston 
20 includes a passage for conveying fluids out of the tubular member. 

According to another aspect of the inesent invention, a wellbore casing is 
provided that includes a first tubular mmber and a second tubular member 
coupled to the first tubular member. The second tubular member is coupled to 
the first tubular member by the process of: positioning the second tubular 
25 membcsr in an overlapfang relationship to the first tubular member, placing a 
mandrel within the second tubular member, pressurizing an annular region 
within the second tubular member, and displacing the mandrel with respect to 
the second tubular member. 

According to another aspect of the present invention, an apparatus is 
30 provided that includes a preexisting structure and a tubular member coupled to 
the preexisting structure. The tubular member is coupled to the preexisting 
structure by the process of: positioning the tubular member in an overlapping 
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relationship to the preexisting structure, placing a mandrel within the tubular 
member, pressurizing an annular region within the tubular member, and 
displacing the mandrel with respect to the tubular member. 

According to another aspect of the present invention, an apparatus is 
5 provided that includes a preexisting structure having a defective portion and a 
tubular member coupled to the defective portion of the preeziating structure. 
The tubular member is coupled to the defective portion of the preexisting 
structure by the process of: positioning the tubular member in an overlapping 
relationship to the defect in the preexisting structure, placing a mandrel within 
10 the tubular member, preasurixing an annular region within the tubular 
member, and displacing the mandrel with respect to the tubular member. 

According to another aspect of the present invention, a method of 
expanding a tubular member is provided that includes placing a mandrel within 
the tubular member, pressurizing a region within the tubular member; and 
15 displacing the niandrel with respect to the tubular meniber. 

According to another aspect of the present invention, a method of 
coupling a tubular member to preexisting structure has been provided that 
includes positioning the tubular member in an overlapping relationship to the 
preexisting structure, placing a mandrel within the tubular member, 
20 pressurizing an interior region within the tubular member, and displacing the 
mandrel with respect to the tubular member. 

According to another aspect of the present invention, a method of 
repairing a defect in a preexisting structure using a tubular memb^ is provided 
that includes positioning the tubular memb» in an overlapping relationship to 
25 the defect in the praeodating stnicture, idacing a mandrel within the t^ 
meniber, pressurizing an interior region within the tubular member, and 
displacing the mandrel with respect to the tubular member. 

According to another aspect of the present invention, an apparatus for 
radiaUy expanding a tubular member is provided that includes a Grst tubular 
30 member, a second tubular member coupled to the Grst tubular member, a third 
tubular member coupled to the second tubular member, and a mandrel 
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positioned within the second tubular member and coupled to an end portion of 
the third tubular member. 

According to another aspect of the present invention, an apparatus is 
provided that includes a tubular member, a piston adapted to expand the 
5 diameter of the tubular member positioned within the tubular member, the 
piston including a passage for conveying fluids out of the tubular member. 

According to another aspect of the present invention, a wellbore casing is 
provided that includes a first tubular member and a second tubular member 
coupled to the first tubular member. The second tubular member is coupled^to 
10 the first tubular member by the process of: positioning the second tubular 
member in an overlapping relationship to the first tubular member^ placing a 
mandrel within the second tubular member, pressurizing an interior region 
within the second tubular member, and displacing the numdrel with respect to 
the second tubular member. 

15 According to another aspect of the present invention, an apparatus is 

provided that includes a preexisting structure and a tubular member coupled to 
the preexisting structure. The tubular member is coupled to the preexisting 
structure by the process of: positioning the tubular membco' in an overlapping 
relationship to the preexisting structure; placing a mandrel within the tubular 

20 member; pressurizing an interior region within the tubular member; and 
displacing the mandrel with respect to the tubular member. 

According to another aspect of the present invention, an apparatus is 
provided that indudee a preexisting structure having a defective portion and a 
tubular member coupled to the defective portion of the preexisting structure. 

25 The tubular member ia couided to the defective portion of the preexisting 
structure by the process of: positioning the tubular member in an overlapping 
relationship to the defect in the preexisting structure, placing a mandrel within 
the tubular memb», pressurizing an interior r^on within the tubular 
member, and displacing the mandrel with respect to the tubular member. 

30 According to another aspect of the invention, an apparatus is provided 

that includes a first tubular member, a second tubular member, and a threaded 
connection for coupling the first tubular member to the second tubular 
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member. The threaded connection includes one or more sealing members for 
sealing Hxe interface between the first and second tubidar members. 

According to another aspect of the present invention, an apparatus is 
provided that includes a tubular assembly having a first tubular memberi a 
5 second tubular member, and a threaded connection for coupling the first 
tubular member to the second tubular member. The threaded connection 
includes one or more sealing members for sealing the interfaoe between the first 
and second tubular monbers. The tubular assembly is formed by the process of 
radially expanding the tubular assembly. 
10 According to another aspect of the present invration, an apparatus is 

provided that includes a tubular member and a mandrd positioned within the 
tubular member that includes a conical surface have an angle of attack ranging 
from about 10 to SO degrees. 

Brirf Description of the Drawings 
15 FIG. 1 is a fragmrataiy cross-sectional view illustrating the drilling of a 

new section of a well bordiole. 

FIG. 2 is a firagmentaxy cross-sectional view illuatrating the placement of 
an embodiment of an i^paratus for creating a casing within the new section of 
the well borehole. 

20 FIG. 3 is a firagmentary cross-sectional view illudtrating the injection of a 

first quantity of a fluidic material into the new section of the well borehole. 
FIG. 3a is anotha fragmentary cross-sectional view illustrating the 

im'ection <tf a first quantity of a hardenahle fluidic sealing material into the new 

section of the well borehole. 
25 FIG. 4 is a fragmentary cross-sectional view illustrating the iiyectton of a 

second quantity of a fluidic material into the new section of the well borehole. 
FIG. 5 ia a fragmentary cross-sectional view illuatraling the drilling out 

of a portion of the cured hardenahle fluidic sealing material from the new 

section of the well borehole. 
30 FIG. 6 ia a crossnsectional view of an embodiment of the overlapping joint 

between ac^acent tabular monbera. 
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PIG. 7 is a fragmentary cross-sectional view of a preferred embodiment 
of the apparatus for GToating a.casing within a well borehole* 

FIG. 8 is a fragmentary cross-sectional illustratibn of the placement of an 
expanded tubular member within another tubular member. 
5 FIG« 9 is a cross-sectional illustration of a preferred embodiment of an 

apparatus for forming a casing induding a drillable mandrel and shoe. 

FIG. 9a is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG, 9b is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 
10 FIG. 10a is a cross-sectional illustration of a wellbore indudiug a pair of 

adjacent overlapping casings. 

FIG. 10b is a cross-sectional illustration of an apparatus and method for 
creating a tie-back liner using an expandable tubular memb». 

FIG. 10c is a cross-sectional illustration of the pumping of a fluidic 
15 sealing material into the annular region between the tubular member and the 
existing casing. 

FIG. lOd is a cross-sectional illustration of the pressurizing of the 
interior of the tubular member below the mandrel. 

FIG. lOe is a cross-sectional illustration of the extrusion of the tubular 
20 member off of the mandrel. 

FIG. lOf is a cross-sectional illustration of the tie-back liner before 
drilling out the shoe and packer. 

FIG. lOg is a cross-sectional illustration of the completed tie-bade liner 
created using an e^>andable tubidar member. 
25 FIG. 11a is a firagmentaiy cross-sectional view illustrating the drilling of 
a new section of a well borehole. 

FIG. lib is a fragmentary cross^ectional view illustrating the placement 
of an embodiment of an apparatus for hanging a tubular liner within the new 
section of the well borehole. 
30 FIG. 11c is a fragmentary cross-sectional view illustrating the injection of 

a first quantity of a hardenable fluidic sealing material into the new section of 
the well borehole. 
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FIG. lid is a fragmentary cross-sectional view illustrating the 
introduction of a wipear dart into the new section of the well borehole 

FIG, lie is a fragmentary cross-sectional view illustrating the iiyection of 
a second quantity of a hardenable Ouidic sealing material into the new section 
5 of the well borehole. 

FIG. llf is a fragmentary cross-sectional view illustrating the completion 
of the tubular liner. 

FIG. 12 18 a cross-sectional inustration of a preferred embodiment of a 
wellhead siystem utilizing expandable tubular members. 
10 PIG. IS ia a ptartial crosa-sectional illustration of a preferred embodiment 

of the wellhead system of FIG. 12. 

FIG. 14a is an illustration of the formation of an embodiment of a mono- 
diameter wellbore casing. 

FIG. 14b is another illustration of the formation of the mono-diameter 
15 wellbore casing. 

FIG. 14c is anoUier illustration of the formation of the mono-diameter 
wellbore casing. 

FIG. 14d ia another illustration of the formation of the mono-diameter 
welbore casing. 

20 FIG. 14e ia another illustration of the formation of the mono-diameter 

welbore casing. 

FIG. 14f ia another illustration of the formation of the mpno-diamet^ 
welbore casing. 

FIG. 15 is an illustration of an embodiment of an apparatus for 
25 expanding a tubular member. 

FIG. 15a ia anotha illustration of the apparatus of FIG. 15. 
FIG. 15b ia another illustration of the apparatus of FIG. 15. 
FIG. 16 ia an illustration of an embodiment of an apparatua for forming a 
mono-diameter wellbore casing. 
30 FIG. ITia an illustration of an embodiment of an apparatus for 

expanding a tubular member. 

FIG. 17a is anothw illustration of the apparatua of FIG. 16. 
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FIG. 17b is another illustration of the apparatus of FIG. 16. 
FIG. 18 is an illuBtration of an embodiment of an apparatus for forming a 
mono-diameter weUbore casing. 

FIG. 19 is an illustration of another embodiment of an apparatus for 
5 expanding a tubular member. 

FIG. 19a is another illustration of the ^iparatus of FIG. 17. 
FIG. 19b is another illustration of the apparatus of FIG. 17. 
Fia20 is an illustration of an embodiment of an iq)paratu8 for forming a 
mono-diameter wellbore casing. 
10 FIG. 21 is an illustration of the isolation of subterranean zones using 

expandable tubulars. 

PIG. 22a is a fragmentary cross-sectional illustration of an embodiment 
of an apparatus for forming a wellbore casing while drilling a welbore. 
FIG. 22b is another fragmentaiy cross-sectional illustration of the 
15 s^paratus of FIG. 22a. 

FIG. 22c is another fragmentary cross-sectional illustration of the 
apparatus of FIG. 22a. 

FIG. 22d is another fragmentary crosa-sectional illustration of the 
apparatus of FIG. 22a. 
20 FIG. 23a is a fragmentary cross-section illustration of an embodiment of 

an apparatus and method for expanding tubular members. 

FIG. 23b is another fragmentary crosa-sectionai illustration of the 
s^paratua of FIG. 23a. 

FIG. 2Sc is another fragmentary crosa-sectional illustration of the 
25 apparatus of FIG. 2Sa. 

FIG. 24a is a fragmentary cross-section illustration of an embodiment of 
an apparatus and method for expanding tubular members. 

FIG. 24b is another fragmentary cross-sectional illustration of the 
apparatus of FIG. 24a. 
30 FIG. 24c is another fr^igmentary cross-sectional illustration of the 

apparatus of FIG. 94a.' 
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FIG. 24d is another firagmentary cross-sectional illustration of the 
apparatus of FIG. 249l 

FIG. 24e is another fragmentary cross-sectional illustration of the 
apparatus of FIG. 24a. 

5 FIG. 25 is a partial cross-sectional illustration of an expansion mandrel 

expanding a tubular member. 

FIG. 26 is a graphical illustration of the relationdiip between 
propagation pressure and the an^e of attack of the expansion mandrel. 

FIG. 27 is a cross-sectional illustration of an embodiment of an 
10 expandable connector. 

FIG. 28 is a cro8s««ectional illustration of another embodiment of an 
expandable connector. 

FIG. 29 is a cross-sectional illustration of another embodiment of an 
expandable connector. 

15 FIG. 30 is a cross-sectional illustration of another embodiment of an 

expandable connector. 

Detailed Description of the Illustrative Embodiments 
An apparatus and method for forming a wellbore casing within a 
subterranean formation is provided. The apparatus and method permits a 

20 wellbore casing to be formed in a subterranean formation by placing a tubular 
member and a mandrel in a new section of a wellbore, and then extruding the 
tubular member off of the mandrel by pressurizing an interior portion of the 
tubular member. The apparatus and metho4 further permits ac^acent tubular 
members in the wellbore to be joined using an overiapping joint that prevents 

25 fluid and or gas passage. The apparatus and method forthCT permits a new 
tubular member to be supported by an ma^ng tubular member by expanding 
the new tubular member into engagement with the existing tubular member. 
The apparatus and method further minimizes the reduction in the hole size of 
the wellbore casing necessitated by the addition of new sections of wellbore 

30 casing. 

An apparatus and method for forming a tie-back liner using an 
expandable tubular member is also provided. The apparatus and method 
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permits a tie-back liner to be created by extruding a tubular member off of a 
mandrel by pressuTi:cLng and interior portion of the tubular member. In this 
manner, a tie-back liner ia produced. The apparatus and method further 
permits adjacent tubular members in the weUbore to be joined using an 
5 overlappingjoint that prevents ttuid and/or gas passage. The apparatus and 
method further permits a new tubular member to be supported by an existing 
tubular member by expanding the new tubular member into engagement with 
the existing tubular member. 

An apparatus and method for expanding a tubular member is also 
10 provided that includes an expandable tubular member, mandrel and a shoe. In 
a preferred embodiment, the interior portions of the apparatus is composed of 
materials that permit the interior portions to be removed using a conventional 
drilling apparatus* In this manner, in the event of a malfunction in a downhole 
region, the iqiparatua may be easily removed. 
15 An apparatus and method for hanging an expandable tubular liner in a 

weUbore is also provided. The apparatus and method permit a tubular liner to 
be attached to an existing section of casing. The apparatus and method further 
have application to the joining of tubular members in general 

An apparatus and method for forming a wellhead system is also provided. 
20 The apparatus and method permit a wellhead to be formed including a number 
of expandable tubular members positioned in a concentric arrangement The 
wellhead preferably indudea an outer casing that supports a plurality of 

concentric caaingB using contact presaure between the inner casings and the 
outer casing. The resulting wellhead system elimiwofaMy many of the spools 

25 conventionally required, reduces the hdght of the Christmas tree facilitating 
servicing, lowo^ the load bearing areas of the wellhead resulting in a more 
stable system, and eliminates costly and expensive hanger systems. 

An apparatus and method for forming a mono-diameter well casing is 
also provided. The apparatus and method permit the creation of a well casing 

30 in a weUbore having a siibstantialfy constant internal diameter. In this 
manner, the operation of an oil or gas well is greatly simplified. 
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An apparatus and method for expanding tubular members is also 
provided The apparatus and method utilize a piston-cylinder configuration in 
which a pressiu^zed chamber is used to drive a mandrel to radially expand 
tubular members. In this 

mjinnor^ higher operating pressures be utilized. 
5 Throughout the radial expansion process, the tubular member is new placed 
in direct contact with the operating pressures. In this manner, damage to the 
tubtilar member is prevented while also permitting controlled radial expansion 
of the tubular member in a wellbore. 

An apparatus and method for forming a mono-diameter wdlbore casing 

10 is also provided. The apparatus and method utilize a piston-cylinder 

configuration in which a pressurized chamber is used to drive a mandrel to 
radially expand tubular mmibers. In this manner, higher operating pressures 
can be utilized. Througjhput the radial expansion process, the tubular member 
is never placed in direct contact with the operating pressures. In thjn manner, 

15 damage to the tubular member is prevented while also permitting controlled 
radial expansion of the tubular member in a wellbore. 

An apparatus and method for isolating one or more subterranean zones 
firom one or more other subtenanean zones is also provided. The apparatus 
and method permits a producing zone to be isolated from a nonprodudng zone 

20 using a combination of solid and slotted tubulars. In the production mode, the 
teachings of the present disclosure may be used in combination with 
conventional, well known, production completion equipment and methods using 
a series of packers, solid tubing, perforated tubing, and sliding sleeves, which 
will be inserted into the disdoeed apparatus to permit the conuningUng and/or 

25 isolation of the subterranean zones from each other. 

An apparatus and method for forming a wellbore casing while the 
wellbore is drilled is also provided. In this mamier, a wellbore casing can be 
formed simultaneous with the drilling out of a new section of the wellbore. In a 
preferred nnbodiment, the apparatus and method ia used in combination with 

30 one or more of the apparatus and methods disclosed in the present disclosure 
for forming wellbore casings using expandable tubulars. Alternatively, the 
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method and apparatus can be used to create a pipeline or tunnel in a time 
efficient manner. 

An expandable connector is also provided. In a preferred 
implementation, the expandable connector is used in conjunction -with one or 
5 more of the disclosed embodiments for expanding tubular members. In this 
manner, the expansion of a plurality of tubular members coupled to one 
another using the expandable connector is optimized. 

In several alternative embodiments, the apparatus and methods are used 
to form or repair wellbore casings, pipelines, and/or structural supports. 
10 Referring initially to Figs. 1-5, an embodiment of an apparatus and 

method for forming a wellbore casing within a subterranean formation will now 
be described. As illustrated in Fig. 1, a wellbore 100 is positioned in a 
subterranean formation 105. The wellbore 100 includes an existing cased 
section 110 having a tubular casing 115 and an annqlw outer layer of cement 
15 120. 

In order to extend the wellbore 100 into the subterranean formation 105, 
a drill string 125 is used in a well known manner to drill out material from the 
subterranean formation 105 to form a new section ISO. 

As illustrated in Fig. 2, an apparatus 200 for forming a wellbore casing in 

20 a subterranean formation is then positioned in the new section 130 of the 

wellbore 100. The iq)paratu8 200 preferably includes an expandable mandrel or 
pig 205, a tubular member 210, a shoe 215, a loww cup seal 220, an upper cup 
seal 225, a fluid passage 230, a fluid passage 236, a fluid passage 240, seals 245, 
and a support meanahet 250. 

25 The expandable mandrel 205 is coupled to and supported by the support 

member 250. The expandable mandrel 205 is preferabfy adapted to controllably 
expand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional commerdaUy available expandable mandrels modified 
in accordance with the teachings of the present disclosure. In a preferred 

30 embodiment, the expandable mandrel 205 comprises a hydraulic expansion tool 
as disclosed in U.S. Patent No. 5,348,095, the contents of which are 
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incorporated herein by reference, modified in accordance with the teachings of 
the present disclosure. 

The tubular member 210 is supported by the expandable mandrel 205. 
The tubular member 210 is expanded in the radial direction and extruded off of 
5 the expandable mandrel 205. The tubular member 210 may be fabricated from 
any number of conventional commotially available materials such as, for 
example, Oilfield Country Tubular Goods (OCTG), 13 chromium steel 
tubine^casing, or plastic tubing/casing. In a preferred embodiment, the tubular 
mmnber 210 is fabricated fitim OCTG in order to maximize strength after 

10 expansion. The inner and outer diameters of the tubular meniber 210 niay 
range, for example, from approximately 0.75 to 47 inches and 1.05 to 48 inches, 
respectively. In a preferred embodiment, the inner and outer diameters of the 
tubular mcsmber 210 range from about 3 to 15.5 inches and 3.5 to 16 inches, 
respectively in order to optimally provide fninimAl telescoping effect in the most 

15 conunonly drilled wellbore sizes. The tubidar member 210 preferably comprises 
a solid member. 

In a preferred embodiment, the end portion 260 of the tubular member 
210 is slotted, perforated, or otherwise modified to catch or slow down the 
mandrel 205 when it completes the extrusion of tubular member 210. In a 

20 preferred embodiment, the length of the tubular member 210 is limited to 

minimize the possibility of buckling. For typical tubular member 210 materials, 
the length of the tubular member 210 is preferab^ limited to between about 40 
to 20,000 feet in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 

25 member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional comm^vially available shoes such as, for 
example, Snpet Seal II float shoe. Super Seal 11 Down-Jet float shoe or a guide 
shoe with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 215 

30 comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch- 
down plug available frbm Halliburton Energy Services in Dallas, TX, modified 
in accordance with the teachings of the present disclosure, in order to optimally 
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guide the tubular member 210 in the wellbore, optimally provide an adequate 
seal betweeii the iatmor and exterior diameters of the overli^ping joint 
between the tubular members, and to optimaUty allow the complete drill out of 
the shoe and plug after the completion of the cementing and expansion 
5 operations. 

In a preferred embodiment^ the shoe 215 includes one or more through 
and side outlet ports in fluidic conmiunication with the fluid passage 240. In 
this manner, the shoe 215 optimally injects hardenable fluidic sealing material 
into the region outside the shoe 215 and tubular member 210. In a preferred 
10 embodiment, the shoe 215 includes the fluid passage 240 having an inlet 

geometry that can receive a dart and/or a ball sealing member. In this manner, 
the fluid passage 240 can be optimally sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 230. 

The lower cup seal 220 is coupled to and supported by the support 

15 member 250. The lower cup seal 220 prevents foreign materials from entering 
the interior region of the tubular member 210 adjacent to the expandable 
mandrel 205. The lower cup seal 220 may comprise any number of 
conventional commercially available cup seals such as, for example, TP cups, or 
Selective Injection Packer (SIP) cups modified in accordance with the teachings 

20 of the pr^ent disclosure. In a preferred embodiment^ the lower cup seal 220 
comprises a SIP cup seal, available from Halliburton Energy Services in Dallas, 
TX in order to optimallty block foreign material and contain a body of lubricant 

The upper cup seal 225 is coiqded to and supported by the support 
member 250. The ufqpvcup seal 225 prevents foreign materials from entering 

25 the interior region ofthe tubular member 210. The upper cup seal 225 may 
comprise any number of conventional conamerdaUy available cup seals such as, 
for example, TP cups or SIP cups modified in accordance with the teachings of 
the present disclosure. In a preferred embodiment, the upper cup seal 225 
comprises a SIP cup^ available from Halliburton Energy Services in Dallas, TX 

30 in order to optimally block the entry of foreign materials and contain a body of 
lubricant. 



-21- 

SUBSTITUTE SHEET (RULE 26) 



wo 00/77431 



PCT/ILOO/00245 



The fluid passage 230 permits fluidic materials to be transported to and 
firom the intmor region of the tubular member 210 below the expandable 
mandrel 206. The fluid passage 230 is coupled to and i)ositioned within the 
support member 250 and the expandable mandrel 205. The fluid passage 230 
5 preferab^ extends from a position adjacent to the surface to the bottom of the 
expandable mandrel 205. The fluid passage 230 is preferably positioned along a 
centerline of the apparatus 200. 

The fluid passage 230 is prefmbl^ selected, in the casing running mode 
of operation, to transport materials such as drilling mud or formation fluids at 
10 flow rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 
9,000 psi in ordar to minimize drag on the tubular member being run and to 
minimize surge pressures exerted on the wellbore which could cause a loss of 
wellbore fluids and lead to hole collide. 

The fluid passage 235 permits fluidic materiato to be released from the 
15 fluid passage 230. In this manner, during placement of the apparatus 200 
within the new section 130 of the wellbore 100, fluidic materials 255 forced up 
the fluid passage 230 can be released into the wellbore 100 above the tubular 
member 210 thereby minimizing surge pressures on the wellbore section 130. 
The fluid passage 235 is coupled to and positioned within the support m^nber 
20 250. The Quid passage is further fluidic^ coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controUably 
opening and closing the fluid passage 235. In a preferred embodiment, the 
control valve is pressure activated in order to controUably minimize surge 
pressures. The fluid passage 235 is preferably positioned substantially 
25 orthogonal to the centerline of the apparatus 200. 

The fluid passage 236 ia preferably selected to convey fluidic mft ^ 'aiy» at 
flow rates and pressures ranging from about 0 to 3,000 gallona^iinute and 0 to 
9,000 psi in order to reduce the drag on the apparatus 200 during insertion into 
the new section 130 of the wellbore 100 and to minimize surge pressures on the 
30 new wellbore section 130. 

The fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215. The fluid 
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passage 240 is coupled to and positioned within the shoe 215 in fluidic 
communication .with the interior region of the tubular member 210 below the 
expandable mandrel 205. The fluid passage 240 preferably has a cross-sectional 
shape that permits a plug, or other similar device, to be placed in flmd passage 
5 240 to thereby block further passage of fluidic materials. In this maxm^, the 
interior region of the tubular member 210 below the expandable mandrel 205 
can be fluidicly isolated from the region exterior to the tubular member 210. 
This permits the interior r^on of the tubular member 210 below the 
expandable mandrel 205 to be pressurized. The fluid passage 240 is preferably 

10 positioned substantaaUy along the centerline of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 
0 to 3,000 gallona^ninute and 0 to 9,000 psi in order to optimally fill the 
annular region between the tubular member 210 and the new section 130 of the 

15 wellbore 100 with fluidic materials. In a preferred embodiment^ the fluid 
passage 240 includes an inlet geometiy that can receive a dart and/or a ball 
sealing member. In this manner, the fluid passage 240 can be sealed ofitby 
introducing a plug, dart and/or ball sealing elements into the fluid passage 230. 
The seals 245 are coupled to and supported by an end portion 260 of the 

20 tubular member 210. The seals 245 are further positioned on an outer siuface 
265 of the end portion 260 of the tubular member 210. The seals 245 permit 
the overlapping joint between the end portion 270 of the casing 115 and the 
portion 260 of the tubular member 210 to be fluidicly sealed. The seals 245 
may comprise any number of conventional oommerdally available seals such as, 

25 for example, lead, rubber. Teflon, or epoxy seals modified in accordance with 
the teachings of the present disclosure. In a preferred embodiment, the seals 
245 are molded from Sfcratalock epoj^ available from Hallibiurton Energy 
Services in Dallas, TX in order to optimally provide a load bearing interference 
fit between the end 260 of the tubular member 210 and the end 270 of the 

30 existing casing 115. 

In a preferred raobodiment, the seals 245 are selected to optimally 
provide a sufficient frictional force to support the expanded tubular member 
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210 from the existing casing 115. In a preferred embodiment, the frictional 
force optimaliy provided by the seals 245 ranges from about 1,000 to 1,000,000 
Ibf in order to optimally support the expanded tubular member 210. 

The support member 250 is coupled to the expandable mandrel 205, 
5 tubular member 210, shoe 215, and seals 220 and 225. The support member 
250 preferably comprises aa annular member having sufficient strength to 
carry the apparatoa 200 into the new section ISO of the wellbore 100. In a 
preferred embodiment^ the-support menaber 250 ftirther includes one or more 
conventional centralizers (not illustrated) to help stabilize the apparatus 200. 
10 In a preferred embodiment, the support member 250 comprises coiled tubing. 

In a in«ferred embodiment, a quantity of lubricant 275 is provided in the 
annular region above the expandable mandrel 205 within the interior of the 
tubular member 210. In this manner, the extrusion of the tubular member 210 
off of the expandable mandrel 205 is facilitated. The lubricant 275 may 

15 con^irise any number of conventional commercially available lubricants such 
as, for example, Lubriplate, chlorine based lubricants, oil based lubricants or 
Climax 1500 Antiaieze (3100). In a preferred embodiment, the lubricant 275 
comprises Climax 1500 Antisieze (3100) available from Climax Lubricants and 
Equipment Co. in Houston, TX in order to optimally provide optimum 

20 lubrication to fadliate the expansion process. 

In a preferred embodiment, the support member 250 is thoroughly 
deanedpriortoassembly to the ronaaining portions of the ifipar^ In 
this manner, the introduction of foreign material into the apparatus 200 is 
minimized. Thia miniinizea the possibility of foreign material dogging the 

25 variotui flow passages and valves of the apparatus 200. 

In a prrferred mbodimenti before or after positioning the apparatua 200 
within the new section 130 of the wellbore 100, a couple of wellbore volumes are 
circulated in order to raaure that no foreign materials are located within the 
wdlbore 100 that mi^t dog up the various flow passages and valves of the 

30 ^paratus 200 and to ensure that no foreign material interferes with the 
expansion process.. 
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As illustrated in Fig. 3, the fluid passage 235 is then dosed and a 
hardenable fluidic sealing material 3Q5 is then pumped from a surface location 
into the fluid passage 230. The material 305 then passes from the fluid passage 
230 into the intmor region 310 of the tubular member 210 below the 
5 expandable mandrel 205. The matmal 305 then passes from the interior region 
310 into the fluid passage 240* The material 305 then exits the apparatus 200 
and fills the annular region 315 between the exterior of the tubular member 
210 and the interior wall of the new section ISO of the weUbore 100. Coatinued 
pumping of the material 305 cattses the material 305 to fill up at least a portion 
10 of the annular region 315. 

The material 305 is preferably pumped into the annular region 315 at 
pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1,500 gallons/min, respectiviely. The optimum flow rate and operating 
pressures vary as a function of the casing and wellbore sizes, weUbore section 
15 length, available pumping equipment, and fluid properties of the fluidic 
material being pimiped. The optimum flow rate and operating pressure are 
preferably determined using conventional empirical methods. 

The hardenable fluidic sealing material 305 may comprise any number of 
conventional commercially available hardeaable fluidic sealing materials such 
20 as, for examine, slag miz» cement or epoxy. In a preferired embodiment, the 
hardenable fluidic sealing material 305 comprises a blended cement prepared 
specifically for the particular well section being drilled from Halliburton Energy 
Services in Dallas, TX in order to provide optimal support for tubular memb« 
210 while also maintaining optimum flow duracteristics so as to mininuze 
25 difficulties during the diaplacement of cement in the annular r^on 315. The 
optimum blend of the blmded cement is preferably detennined using 
conventional empirical methods. 

The annular regicm 315 preferably is filled with the material 305 in 
sufficient quantities to ensure that, upon radial expansion of the tubular 
30 member 210, the annular region 315 of the new section 130 of the weUbore 100 
will be filled with material 305. 
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In a particularly preferred embodiment, as illustrated in Fig. 3a, the wail 
thickness and/or the outer diameter of the tubular member 210 is reduced in 
the region adjacent to the mandrel 205 in order optimally permit placement of 
the apparatus 200 in positions in the wellbore with tight clearances. 
5 Furthermore, in this manner, the initiation of the radial expansion of the 
tubular member 210 during the extrusion process is optimally facilitated. 

As illustrated in Fig. 4, once the annular r^on 315 has been adequately 
filled with material 305, a plug 405» or other similar device, is introduced into 
the fluid passage 240 thereby fluididy isolating the interior region 310 from the 
10 annular region 315. In a preferred embodiment^ a non-hardenable fluidic 
material 306 is then pumped into the interior r^on 310 causing the interior 
region to pressurize. In this manner, the interior of the expanded tubular 
member 210 will not contain significant amounts of cured material 305. This 
reduces and simplifies the cost of the entire process. Altmiatively, the material 
15 305 may be used during this phase of the process. Once the interior region 
310 becomes sufiidently pressurized, the tubular member 210 is extruded off of 
the expandable mandrel 205. During the extrusion ivocess, the expandable 
mandrel 205 may be raised out of the expanded portion of the tubular member 
210. In a iHeferred embodiment^ during the extrusion process, the mandrel 205 
20 is raised at approximately the same rate as the tubular member 210 is expanded 
in order to keep the tubular member 210 stationary relative to the new wellbore 
section 130. In an alternative preferred embodiment, the extrusion process is 
commenced with the tubular memba 210 positioned above the bottom of the 
new wellbore section 130, keeping the mandrel 205 stationary, and allowing the 
25 tubular member 210 to extrude off of the mandrel 205 and fall down the new 
wellbore section 130 tmder the force of gravity. 

The plug 405 is preferab^ placed into the fluid passage 240 by 
introducing the plug 405 into the fluid passage 230 at aaurface location in a 
conventional manner. The plug 405 preferably acts to fluididy isolate the 
30 hardenable fluidic sealing material 305 from the non hardenable fluidic 
material 306. 
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The plug 405 may comprise any Dumber of coaventional commercially 
available deyices from plugging a fluid passage such as, for example. Multiple 
Stage Cementer QiSC) latch-down plu& Omega latch-down plug or three-wiper 
latch-down plug modified in accordance with the *»««^hinEff of the present 
5 disclostire. In a preferred embodiment, the plug 405 comprises a MSG latch- 
down plug available from Halliburton Energy Services in Dallas, TX. 

After placement of the plug 405 in the fluid passage 240, a non 
hardenable fluidic material: 306 is preferabfy pumped into the interior region 
310 at pressures and flow rates ranging, for example^ from ^iprozimately 400 to 

10 10,000 psi and 30 to 4,000 gallona/min. In this manner, the amount of 
hardenable fluidic sealing material within the interior 310 of the tubular 
member 210 is minimized. In a preferred embodiment, after placement of the 
plug 405 in the fluid passage 240, the non hard^able material 306 is preferably 
pumped into the interior region 310 at pressures and flow rates ranging from 

15 approximately 500 to 9,000 psi and 40 to 3,000 gallons/min in order to 
maximize the extrusion speed. 

In a preferred embodiment, the apparatus 200 is adapted to minimize 
tensile, burst, and friction efTects upon the tubular member 210 during the 
expansion process. These eETects will depend upon the geometry of the 

20 expansion mandrel 205, the material composition of the tubular member 210 
and expansion mandrel 205, the inner diameta of the tubular member 210, the 
wall thickness of the tubular member 210, the type of lubricant, and the yield 
strength of the tubular mernb^ 210. In general, the thicker the wall thickness, 
the smaller the inner diameter, and the greater the yield strength of the tubular 

25 member 210, then the greater the operating pressures required to extrude the 
tubular member 210 o£f of the mandrel 205. 

For typical tubular members 210, the extrusion of the tubular mmber 
210 off of the expandable mandrel will begin when the pressure of the interior 
region 310 reaches, for example^ approximately 500 to 9,000 psi. 

30 During the extrusion process, the expandable mandrel 205 may be raised 

out of the expanded portion of the tubular member 210 at rates ranging, for 
example, from about 0 to 5 ft/sec In a preferred embodiment, dturing the 
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eztzixsion process, the expandable mandrel 205 is raised out of the expanded 
portion of the tubular member 210 at.rates ranging from about 0 to 2 ft/sec in 
order to minimize the time required for the expansion process while also 
permitting easy control of the expansion process. 
5 When the end portion 260 of the tubular member 210 is extruded oflF of 

the expandable mandrel 205, the outer surface 265 of the end portion 260 of the 
tubular member 210 will preferably contact the interior surface 410 of the end 
portion 270 of the casing 115 to form an fluid tight overlapping joint The 
contact pressure of the overlapping joint may range, for example, from 

10 approximately 50 to 20,000 psi. In a preferred embodiment, the contact 

pressure of the overlapping joint ranges from approximately 400 to 10,000 psi in 
order to provide optimum pressure to activate the annular sealing members 245 
and optimally provide resistance to axial motion to aooonomodate typical tensile 
and compressive loads* 

15 The overlapping joint between the section 410 of the existing casing 1 15 

and the section 265 of the expanded tubular member 210 preferably provides a 
gaseous and fluidic seal. In a particularly preferred embodiment, the sealing 
members 245 optimally provide a fluidic and gaseous seal in the overlapping 
joint. 

20 In a preferred embodiment, the operating pressure and flow rate of the 

non hardmable fluidic material 306 is controUably ramped down when the 
expandable mandrel 205 reaches the end portion 260 of the tubular member 
210. In this manner, the sudden release of pressure caused by the complete 
extrusion of the tubular member 210 off of the expandable numdrel 205 can be 

25 minimiz ed In a preferred embodiment, the operating pressure is reduced in a 
substantiaify linear fashion frt)m 100% to about 10% during the end of the 
extrusion process beginning when the mandrd 205 is within about 5 feet from 
completion of the extrusion process. 

Alternatively, or in combination, a shock absorber is provided in the 

30 support member 250 in order to absorb the shock caused by the sudden release 
of pressure. The shock absorber may comprise, for example, any conventional 
commercially available shodc absorber ads^ted for use in wellbore operations. 
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Alternatively, or in combination, a mandrel catching structure is 
provided in the end portion 260 of the tubular member 210 in order to catch or 
at least decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 205 is 
5 removed from the wellbore 100. In a preferred embodiment, either before or 
after the removal of the expandable mandrel 205, the int^ty of the fluidic seal 
of the overlapping joint between the upper portion 260 of the tubular member 
210 and the lower portion 270 of the casing 115 is tested using conventional 
methods. 

10 If the fluidic seal of the overlapping joint between the upper portion 260 

of the tubular member 210 and the lower portion 270 of the casing 115 is 
satisfactory, then any uncured portion of the material 305 within the expanded 
tubular member 210 is then removed in a conventional manner such as, for 
example, circulating the uncured material out of the interior of the expanded 

15 tubular member 210. The mandrel 205 is then pulled out of the wellbore 
section 130 and a drill bit or mill is used in combination with a conventional 
drilling assembly 505 to drill out any hardened material 305 within the tubular 
member 210. The material 305 within the annular region 315 is then aUowed 
to cure. 

20 As iUustrated in Pig. 5, preferably any remaining cured material 305 

within the interior of the expanded tubular member 210 is then removed in a 
conventional manner using a conventional drill string 505. The resulting new 
section of casing 510 includes the expanded tubular member 210 and an outer 
annular layer 515 of cured material 305. The bottom portion of the apparatus 

25 200 comprising the shoe 215 and dart 405 nmy then be cemovedtqrdriU^ 
the shoe 215 and dart 405 using conventional drilling methods. 

In a preferred embodiment, as illustrated in Pig. 6, the upper portion 260 
of the tubular memba 210 includes one or more sealing members 605 and one 
or more pressure relief holes 610, In this manner, the overlapping joint 

30 between the lower portion 270 of the casing 1 15 and the upper portion 260 of 
the tubular memb^ 210 is pressure*tight and the pressure on the interior and 
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exterior surfaces of the tubular member 210 is equalized during the extrusion 
process. 

In a preferred embodiment, the sealing members 605 are seated within 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
5 tubular member 210. In an alternative preferred embodiment, the sealing 
members 605 are bonded or molded onto the outer surface 265 of the upper 
portion 260 of the tubular member 210. The pressure relief holes 610 are 
preferably positioned in the last few feet of the tubular member 210. The 
pressure relirf holes reduce the operating pressiurea required to expand the 

10 upper portion 260 of the tubular member 210. This reduction in required 
operating pressure in turn reduces the velocity of the mandrel 205 upon the 
completion of the extrusion process. This reduction in velocity in turn 
minimizes the mechanical shock to the entire apparatus 200 upon the 
completion of the extrusion process. 

15 Referring now to Fig. 7, a particularly preferred embodiment of an 

apparatus 700 for forming a casing within a wellbore prrferably mdudea an 
expandable mandrel or pig 705, an expandable mandrel or pig container 710, a 
tubular member 715, a float shoe 720, a lower cup seal 725, an upper cup seal 
780, a fluid passage 735, a fluid passage 740, a support member 745, a body of 

20 lubricant 750, an overshot connection 755, another support member 760, and a 
stabilizer 765. 

The expandable mandrel 705 is coupled to and supported by the support 
member 745. The expandable mandrel 705 is further coupled to the expandable 
mandrel container 710. The expandable mandrel 705 is preferably adapted to 

25 controUabi^ expand in a radial direction. The expandable mandrel 705 may 
comprise any number of conventional commercially available expandable 
mandrels modified in accordance with the feftg^hingB of the preset disclosure. 
In a preferred embodiment^ the expandable mandrel 705 comprises a hydraulic 
expansioa tool substantially as disclosed in U.S. Pat No. 5,348,095, the 

30 contents of which are incorporated herein by reference, modified in accordance 
with the teachings .of the present disclosure. 
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The expandable niandrel container 710 is coupled to and supported by 
the support member 745. The opandable mandrel container 710 is further 
coupled to the expandable mandrel 705. The expandable mandnl container 710 
may be constructed from any number of conventional commerdaUy available 
5 materials such aa, for example. Oilfield Country Tubular Goods, stainless steel, 
titanium or high strength steels. In a preferred embodiment, the expandable 
mandrel container 710 is fabricated from material having a greater strength 
than the material from which the tubular member 715 is fabricated. In this 
manner, the container 710 can be fabricated from a tubular material having a 
10 thinner wall thickness than the tubular member 210. This permits the 

container 710 to pass through tight clearances thereby facilitating its placement 
within the wellbore. 

In a preferred embodiment, once the expansion process b^^ins, and the 
thicker, lower strengtii material of the tubular member 715 is expanded, the 
15 outside diameter of the tubular member 715 is greater than the outside 
diameter of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 
direction and extruded off of the expandable mandrel 705 substantially as 
20 described above with reference to Figs, 1^. The tubular member 715 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics. In a preferred 
embodiment, the tubular monber 715 is fabricated from OCTG. 

In a preferred embodiment, the tubular member 715 has a substantially 
25 annular cross-section. In a particularly inferred embodiment, the tubular 
member 715 has a suhstantiaHy circular "inular croaa-section. 

The tubular membor 715 preferably includes an upper section 805, an 
intmnediate section 810, and a loww section 815. The upper section 805 of the 
tubular member 715 prefmbly is defined by the region beginning in the 
30 vidnity of the mandrel container 710 and ending with the top section 820 of the 
tubular member 715. The intermediate section 810 of the tubular member 715 
is preferably defined by Uie region beginning in the vicinity of the top of the 
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mandrel container 710 and ending with the region in the vicinity of the mandrel 
705. The lower. sectioa of the tubul^ member 715 is pref^ably defined by the 
region beginning in the vicinity of the mandrel 705 and ending at the bottom 
825 of the tubular member 715. 
5 In a preferred embodiment, the wall thickness of the upper section 805 of 

the tubular member 715 is greater than the wall thicknesses of the 
intermediate and lower sections 810 and 815 of the tubular member 715 in 
order to opdmally fadliate the initiation of the extniaion process and optimally 
permit the apparatus 700 to bis positioned in locations in the wellbore having 
10 tight clearances. 

The outer diameter and waU thickness of the upper section 805 of the 
tubular member 715 may range» for example, from about 1.05 to 48 inches and 
1/8 to 2 inches, respectivelty. In a preferred embodiment, the outer diameter 
and wall thickness of the upper section 805 of the tubular membtf 715 range 
15 from about 3.5 to 16 inches and 3/S to 1.5 inches, respectively. 

The outer diameter and wall thickness of the intermediate section 810 of 
the tubular member 715 may range, for example, from about 2.5 to 50 inches 
and 1A6 to 1.5 inches, respectively. In a preferred embodiment^ the outer 
diameter and wall tJhicknww of the intermediate section 810 of the tubular 
20 member 715 range from about 3.5 to 19 inches and 1/8 to 1.25 inches, 
respectively. 

The outer diameter and wall thickness of the lower section 815 of the 
tubular monber 715 may range, for example, from about 2.5 to 50 inches and 
1/16 to 1.25 inches, respective^. In a preferred embodiment, the outer 

25 diameter and wall thickness of the lower section 810 of the tubular monber 715 
range from about 3.5 to 19 inches and 1/8 to 1.25 inches, respectively. In a 
particularly preferred embodiment, the wall thickness of the lower section 815 
of the tubular member 715 is further increased to increase the strength of the 
shoe 720 when drillable materials sudi as, for example, aluminum are used. 

30 The tubular member 715 preferably comprises a solid tubular member. 

In a preferred embodimenti the end portion 820 of the tubular member 715 is 
slotted, perforated, or otherwise modified to catch or slow down the mandrel 
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705 when it completes the extrusion of tubular member 715. In a preferred 
embodiment^ the length of the tubular member 715 is limited to minimize the 
possibility of buckling. For typical tubular memba 715 materials, the length of 
the tubular member 715 is preferably limited to between about 40 .to 20,000 
5 feet in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 
member 715. The shoe 720 includes the fluid passage 740. In a preferred 
embodiment, the shoe 720 forther includes an inlet passage 830, and one or 
more jet ports 835. In a particularly preferred embodiment, the cross-sectional 

10 shape of the inlet passage 8S0 is adapted to receive a latch-down dart, or other 
similar elements, for blocking the inlet passage 830. The interior of the shoe 
720 preferably includes a body of solid material 840 for increasing the strength 
of the shoe 720. In a particularly preferred embodiment, the body of solid 
material 840 comprises almninum. 

15 The shoe 720 may comprise any number of conventional commercially 

available shoes such as, for example, Super Seal II Down-Jet float shoe, or guide 
shoe with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a prefixed mbodiment» the shoe 720 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch- 
20 down plug available firom Halliburton Energy Services in Dallas, TX, modified 
in accordance with the teachings of the presait disclosure, in order to optimize 
guiding the tubular member 715 in the wellbore, optimize the seal betwem the 
tubular member 715 and an <»««Ha«g weUbore casing, and to optimally faciliate 
the removal of the shoe 720 by drilling it out after completion of the extrusion 
25 process. 

The lower cap seal 725 ia coupled to and supported by the support 
member 745. The lower cup seal 725 prevrnts foreign wnitoriiiin from entering 
the interior region of the tubular member 715 above the expandable mandrel 
705. The lower cup seal 725 may comprise any nmnber of conventional 
30 commercially available cup seals such as, for example, TP cups or Selective 
Injection Packer (SIPy cups modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the lower cup seal 725 
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comprises a SIP cup, available from HaUiburton Energy Services in Dallas, TX 
in order to optuxially provide a debris barrier and hold a body of lubricant 
The upper cup seal 730 is coupled to and supported by the support 
member 760. The upper cup seal 730 prevents foreign materiab from entering 
5 the interior region of the tubular member 715. The upper cup seat 730 may 
comprise any number of conventional commercially available cup seals such as, 
for example, TP cups or Selective lAjection Packer (SIP) cup modified in 
accordance with the teachings of the present disclosure. In a prefmed 
embodiment, the upper cup seal 730 comprises a SIP cup available from 

10 Halliburton Energy Services in DaUas^TX in order to optiinally provide a debr^ 
barrier and contain a bo^y of lubricant 

The fluid passage 735 permits fluidic materials to be transported to and 
from the intmor region of the tubular member 715 below the expandable 
mandrel 705. The fluid passage 735 is fliiidicly coupled to the fltud passage 74^^ 
15 The fluid passage 735 is preferably coupled to and positioned within the support 
member 760, the support member 745, the mandrel container 710, and the 
expandable mandrel 705. The fluid passage 735 preferably extends fi^m a 
position a4}acent to the surface to the bottom of the expandable mandrel 705. 
The fluid passage 736 is preferably positioned along a centerline of the 

20 apparatus 700. The fluid passage 735 is preferably selected to transport 
materials such as cement, drilling mud or epozies at flow rates and pressures 
ranging from about 40 to 3,000 gallons/minute and 500 to 9,000 psi in order to 
optimally provide suflSdent operating i^essures to extrude the tubular member 
715 off of the equmdable mandrel 705. 

25 As described above with reference to Figs. 1-6, during placemeat of the 
apparatus 700 within a new section of a wdlbore, fluidic materials forced up the 
fluid passage 735 can be rdeased into the wellbore above the tubular member 
715. In a prrfenred ettibodinient, the apparatus 700 further includes a pressure 
release passage that is coupled to and positioned within the support member 

30 260. The pressure release passage bftvtherfluididy coupled to the fluid 
passage 735. The presaure release passage preferabfy includes a control valve 
for controUably opening and closing the fluid passage. In a preferred 
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embodiinent, the control valve is pressiire activated in order to controUably 
minimize surge presstires. The pressure release passage is preferably 
positioned substantiaUy orthogonal to the oenterline of the apparatus 700. The 
pressure release passage is preferably selected to convey materials such as 
5 cement, drilling mud or epozies at Qow rates and pressures ranging from about 
0 to 500 gallons/minute and 0 to 1,000 psi in order to reduce the dragon the 
apparatus 700 during insertion into a new section of a wellbore and to minimize 
surge pressures on the new wellbore section. 

The fluid passage 740 permits fluidic materials to be transported to and 
10 from the region exterior to the tubular member 715. The fluid passage 740 is 
preferably coupled to and positioned within the shoe 720 in fluidic 
communication with the interior region of the tubxUar member 715 below the 
expandable mandrel 705, The fluid passage 740 preferably has a cross-fiectional 
shape that permits a plug, or other similar device, to be placed in the inlet 830 

15 of the fluid passage 740 to thereby block further passage of fluidic materials. In 
this manner, the interior region of the tubular member 715 below the 
expandable mandrel 705 can be optimally fluididy isolated from the region 
exterior to the tubular member 715. This permits the interior region of the 
tubular member 715 bdow the expandable mandrel 205 to be pressurized. 

20 The fluid passage 740 is preferably positioned substantially along the 

centerline of the apparatus 700. The fluid passage 740 is preferably selected to 
conv^ materials such as oonent, drilling mud or epozies at flow rates and 
pressures ranging fitim about 0 to 3,000 gallons/minute and 0 to 9,000 psi in 
order to optimally fill an annular region between the tubular membo' 715 and a 

25 new section of a wdlbore with fluidic materials. In a preferred embodiment, 
the fluid passage 740 includes an inlet passage 830 having a geometry that can 
receive a dart and/or a ball sealing member. In this manner, the fluid passage 
240 can be sealed off by introducing a plug, dart and/or ball sealing elements 
into the fluid passage 230. 

30 In a preferred embodiment, the apparatus 700 further includes one or 

more seals 845 coupled to and supported by the end portion 820 of the tubular 
member 715. The seals 845 are further positioned on an outer surface of the 

-35. 

SUBSTITUTE SHEET (RULE 26) 



wo 00/77431 



PCT/ILOO/00245 



end portion 820 of the tubular member 715. The seals 845 permit the 
overlapping joint betyveen an end portion of preexisting casing and the end 
portion 820 of the tubular member 715 to be fluididy sealed. The seals 845 
may comprise any number of conventional conu&ercially available seals such as, 
5 for example, lead, rubber, Teflon, or epoxy seals modified in accordance wiUi 
the teachings of the present disclosure. In a prefmed embodiment, the seals 
846 comprise seals molded from StrataLock epoxy available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a hydraulic seal and 
a load bearing interference fit in the overlapping joint between the tubular 
10 member 715 and an existing casing with optimal load bearing capacity to 
support the tubular member 715. 

In a preferred embodiment^ the seals 845 are selected to provide a 
sufficient frictional force to support the expanded tubular member 715 from the 
existing casing. In a preferred embodiment, the frictional force provided by the 
15 seals 845 ranges from about 1,000 to 1,000,000 Ibf in order to optimally 
support the expanded tubular member 715. 

The support member 745 is inferably coupled to the expandable 
mandrel 706 and the ovmhot connection 755, The support member 745 
preferably comprises an a nnu la r member having sufficient strength to carry the 
20 ^paratus700intoanewsectionofawellbore. The support member 745 may 
comprise any number of conventional coounerciaUy available support members 
such as, for exanqile, steel drill pipe, coiled tubing or other high strength 
tubular modified in accordance with the teachings of the present disdosure. In 
a preferred anbodiment, the support member 745 comprises conventionsl drill 
25 pipe available from various sted mills in the United States. 

In a prefixed embodiment, a body of lubricant 760 is provided in the 
annular r^on above the expandable mandrel container 710 within the interior 
of the tubular member 715. In this mannor, the extniaion of the tubular 
member 715 off of the expandable mandrel 70S is facilitated. The lubricant 705 
30 may comprise any number of conventional commerdaay available lubricants 
such as, for example, Lubriplate, chlorine based lubricants, oU based lubricants, 
or Climax 1500 Antisieze (3100). In a preferred embodiment, the lubricant 750 
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comprises Climax 1500 Antisieze (3100) available from Halliburton Energy 
Services in Houston, TX in order to optimally provide lubrication to faciliate the 
extrusion process. 

The overshot connection 755 is coupled to the support member 745 and 
5 the support member 760, The overshot connection 755 preferably permits the 
support member 745 to be removabfy coupled to the support member 760. The 
overshot connection 756 may comprise any number of cbnventional 
commercially available overshot connections such as, for example, Innerstring 
Sealing Adapter, Innerstring Flat-Face Sealing Adapter or EZ Drill Setting Tool 

10 Stinger. In a preferred embodiment, the overshot connection 755 comprises a 
Innerstring Adi4>ter with an Upper Guide available from Halliburton Energy 
Services in Dallas, TX. 

The support membCT 760 is preferably coupled to the overshot 
connection 755 and a surface support structure (not illustrated). The support 

15 member 760 preferably comprises an annular member having sufiident 
strength to carty the ^paratus 700 into a new section of a wellbore. The 
support member 760 may comprise any numb^ of conventional commercially 
available support monbers such as, for example, steel drill pipe, coiled tubing or 
other hi^ strength tubulars modified in accordance with the t^«>*>biy^EP of the 

20 present disclosure. In a preferred embodiment, the support member 760 
comprises a conventional drill pipe available from steel miUa in the United 
States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
stabilizer 765 also prrferably stabilizes the components of the apparatus 700 

25 within the tubular member 715. The stabilizer 765 preferably comprises a 
spherical member having an outside diameter that is about 80 to 99% of the 
interior diameter of the tubular membv 715 in order to optimally minimize 
buckling of the tubular member 715. The stabilizer 765 may comprise any 
number of conventional commercially available stabilizers such as, for example, 

30 EZ Drill Star Guides, packer shoes or drag blocks modified in accordance with 
the teachings of the present disclosure. In a preferred embodiment, the 
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Stabilizer 765 comprises a sealing adapter upper guide available from 
Halliburton Energy Servicea.iQ Dallas, TX. 

In a preferred embodiment^ the support member 745 and 760 are 
thoroughly cleaned prior to assembly to the remaining portions of.the 
5 apparatus 700. In this manner, the introduction of foreign material into the 
^paratus 700 is minimiied. This nunimizes the possibility of foreign material 
dogging the various flow passages and valves of the apparatus 700. 

In a preftnred embodiment^ before or after positioning the apparatus 700 
wiihia a new section of a wellbore, a couple of wellbore volumes are circulated 
10 through the various flow passages of the apparatus 700 in order to ensure that 
no foreign materiab are located within the wellbore that mig^t clog up the ' 
various flow passages and valves of the s^jparatus 700 and to ensure that no 
foreign material intwferes with the expansion mandrel 705 during the 
expansion process. 

15 In a preferred embodiment, the apparatus 700 is operated substantially 

as described above with reference to Figs. 1-7 to form a new section of casing 
within a wellbore. 

As iUustrated in Fig. 8, in an alternative prefOTed embodiment, the 
method and apparatus described herein is used to repair an existing wellbore 

20 casing 805 by forming a tubular liner 810 inside of the existing wellbore casing 
805. In a preferred embodiment, an outer annulfir lining of cement is not 
provided in the repaired section. In the alternative preferred embodiment, any 
number of fluidic materials can be used to expand the tubular liner 810 into 
intimate contact with the damaged section of the wellbore casing such as, for 

25 example, cement^epm^, slag mix, or drilling mud In the alternative preferred 
embodiment, sealing members 815 are preferably provided at both ends of the 
tubular member in order to optimally provide a fluidic seal. In an alternative 
preferred embodiment, the tubular liner 810 is formed within a horizontaUy 
positioned pipeline section, such as those used to transport hydrocarbons or 

30 water» with the tubular liner 810 placed in an overlapping relationship with the 
adjacent pipeline section. In this manner, underground pipelines can be 
repaired without having to dig out and replace the damaged sections. 
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In another alternative preferred embodiment, the method and apparatus 
described herein is used to ^iredJy line a weUbore with a tubular liner 810. In 
a preferred embodiment, an outer annular lining of cement is not provided 
between the tubular liner 810 and the weUbore. In the alternative preferred 
5 embodiment, any number of fluidic materials can be used to expand the tubular 
liner 810 into intimate contact with the weUbore such as, for example, cement, 
epoxy, slag mix, or drilling mud. 

Referring now to Figs. 9, 9a, 9b and 9c, a preferred embodiment of an 
apparatus 900 for forming a weUbore casing includes an expandable tubular 
10 member 902, a support member 904, an expandable mandrel or pig 906, and a 
shoe 908. In a preferred embodiment, the design and construction of the 
mandrel 906 and shoe 908 permits easy removal of those elements by drilling 
them out In this manner, the assembly 900 can be easUy removed from a 

weUbore using a (»nventaonal drilling apparatus and conresponding drUlm 
15 methods. 

The expandable tubular member 902 preferably includes an upper 
portion 910, an intermediate portion 912 and aloww portion 914. During 
operation of the apparatus 900, the tubular member 902 is preferably extruded 
ofif of the mandrel 906 by pressurizing an interior r^on 966 of the tubular 
20 member 902. The tubular member 902 preferably has a substantiaUy annular 
cross-section. 

In a particularbr prrfmred embodiment, an expandable tubular member 
9 15 is coupled to the upper portion 9 10 of the expandable tubular member 902. 
During operation of the apparatus 900, the tubular memb« 915 is preferably 
25 extruded ofif of the mandrel 906 by pressurizing the interior region 966 of the 
tubular member 902. The tubular member 915 preferably has a substantiaUy 
annular cross-section. .In a preferred embodiment, the waU thickness of the 
tubular member 915 is greater than the waU thickness of the tubular member 
902. 

30 The tubular member 915 may be fabricated from any number of 

conventional conunerdaUy avaUable materials such as, for example, oilfield 
tubulars, low aUoy steels, titanium or stainless steels. In a preferred 
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embodiment, the tubular member 915 is fabricated from oilfield tubulars in 
order to optimally provide approziniately the same mechanical properties as the 
tubular member 902. In a particularly preferred embodiment, the tubular 
member 915 has a plastic yield point ranging from about 40,000 to 135,000 psi 
5 in order to optimally provide approximately the same yield properties as the 
tubular member 902. The tubular member 915 may comprise a plurality of 
tubular members coupled end to end. 

In a pr^erred embodiment, the upper end portion of the tubular member 
915 includes one or more sealing members for optimally providing a fluidic 
10 and/or gaseous seal with an existing section of weUbore casing. 

In a preferred embodim^at, the combined length of the tubular members 
902 and 915 are limited to minimize the possibility of buckling. For typical 
tubular mraiber materials, the combined length of the tubular members 902 
and 915 are limited to between about 40 to 20,000 feet in length. 
15 The lower portion 914 of the tubular member 902 is preferably coupled 

to the shoe 908 by a threaded connection 968. The intermediate portion 912 of 
the tubular member 902 preferably is placed in intimate sliding contact with 
the mandrel 906. 

The tubular member 902 may be fabricated from any number of 
20 conventional commercially available materials such as/for example, oilfield 
tubulars, low alloy steels, titanium or stainless steels. In a preferred 
embodiment, the tubular member 902 is fabricated from oiliidd tubulars in 
order to optimaUy provide approxiniate^ the same mechanical properties as the 
tubular member 915. In a particuUriy prefored embodimexit, the tubular 
25 member 902 has a plastic yield point ranging from about 40,000 to 135,000 psi 
in order to optimaUy provide approziniat^ the same yield properties as the 
tubular member 915. 

The wall thickness of the uppo*, intennediate, and lower portions, 910, 
912 and 914 of the tubular member 902 may range, for example, from about 
30 1/16 to 1.5 inches. In a preferred embodiment, the waU thickness of the up^^^ 
intermediate, and lower portiona, 910, 912 and 914 of the tubular member 902 
range from about 1/8 to 1.25 in order to optimally provide wall thickness that 
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are about the same as the tubular member 915. In a preferred embodiment, the 
wall thickness of the lower portion 914 is less than or equal to the wall 
thickness of the upper portion 910 in order to optimaUy provide a geometzy that 
will lit into tight clearances downhole. 
5 The outer diameter of the upper, intermediate, and lower portions, 910, 

912 and 914 of the tubular member 902 may range, for example, from about 
1.05 to 48 inches. In a preferred embodiment, the outerdiameter of the upper, 
intermediate, and lower portions, 910, 912 and 914 of the tubular member 902 
range from about 3 to 19 indies in order to optimal^ provide the abiUty to 
10 expand the most commonly used oilfidd tubulars. 

The loigth of the tubular member 902 is prefoably limited to betweai 
about 2 to 5 feet in order to optimaUy provide enough length to contain the 
mandrd 906 and a bo^y of lubricant 

The tabular member 902 may comprise any number of conventional 
15 commerdaUy available tubular monbers modified in accordance with the 
teadiings of the present disdosure. In a prrfened embodiment, the tubular 
member 902 comprises Oilfield Countiy Tubular Goods availiible from various 
U.S. steel mills. The tubular member 915 may comprise any number of 
conventional commercially available tubular members modified in accordance 
20 with the teachings of the present disdosure. In a preferred embodiment, the 
tubular member 915 comprises Oilfield Countiy Tubular Goods available from 
various UJS. steel mills. 

The various elements of the tubular member 902 may be coupled using 
any number of conventional process such as, for example, threaded connections, 
25 wdding or machined firom one piece. In a preferred embodiment, Oie various 
elements of the tubular member 902 are ooupled using wdding. The tubular 
member 902 may comprise a pluraUly of tubular demoits that are coupled end 
to end. The varioua danoats of the tubular member 915 nu^ be coupled using 
any number of conventional process such as, for example, threaded connections. 
30 wdding or machined from one piece. In a prefeired embodiment, the various 
dements of the tubuUir meaaJoer 915 are coupled using wdding. The tubular 
membo* 915 may comprise a plurality of tubular demmts that are coupled end 
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to end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined from one piece. 

The support member 904 preferably includes an innerstring ads^ter 916, 
5 afluidpassage918, an upper guide 920, and a coupling 922. During operation 
0 f the apparatus 900, the support member 904 preferably su^xirts the 
apparatus 900 during movement of the apparatus 900 within a wemwre. The 
support member 904 preferably has a substantially annular cross-section. 
The support member 904 may be fidiricated from any n umber of 
10 conventional oommerdaUy available materials such as, for example, oilfidd 
tubulars, low allpy steel, coiled tubing or stainless steel. In a preferred 
embodiment, the support member 904 is fabricated from low alloy steel in order 
to optimally provide high yield strength. 

The innostring adi^tor 916 preferably is coupled to and supported by a 
15 conventional drill string support fivm a surface location. The innerstring 
adaptor 916 may be coupled to a conventional drill string support 971 by a 
threaded connection 970. 

The fluid passage 9ia is preferably used to convey fluids and other 
materials to and from the apparatus 900. In a preferred ^nbodiment, the flxiid 

20 passage 918 is fluididy coupled to the fluid passage 952. In a preferred 

embodiment, the fluid passage 918 is used to convey hardenable fluidic sealing 
materials to and from the apparatus 900. In a particulariy preferred 
embodiment, the fluid passage 918 may include one or more pressure relief 
passages (not illustrated) to release fluid pressure during positioning of the 

25 apparatus 900 within a wellbore. In a preferred embodiment, the fluid passage 
918 is positioned along a longitudinal oenteriine of the apparatus 900. In a 
preferred embodiment, the fluid passage 9 18 is selected to permit the 
convqrance of hardenable fluidic materials at operating pressures ranging from 
about 0 to 9,000 psL 

30 The upper guide 920 is coupled to an upp» portion of the support 
member 904. The upper guide 920 preferably is adapted to center the support 
member 904 within the tubular member 915. The upper guide 920 may 
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comprise any niunber of conventional guide members modified in accordance 
with the teachings of the present disclosure. In a preferred embodimeDt, the 
upper guide 920 comprisea an innerstring adapter available from Halliburtoii 
Energy Services in Dallas, TX order to optimally guide the ^paratus 900 
5 within the tubular member 915. 

The coupling 922 couples the stq>port member 904 to the mandrel 906. 
The coupling 922 prrferably comprises a conventional threaded connection. 

The various dements of the support member 904 may be coupled using 
any number of conventional processes audi as, for example, wdding, threaded 
10 connections or machined from one piece. In a prrferred embodiment, the 
various elonents of the support member 904 are coupled using threaded 
connections. 

The mandrel 906 prefwably includes a retainer 924, a rubbo- cup 926, an 
e^Mnsion cone 928, a lower cone retainer 930, a body of cement 932, a lower 
15 guide 934, an estraaion sleeve 936, a spacer 938, a housing 940, a sealing sleeve 
942, an upper cone retainer 944. a lubricator mandrd 946. a lubricator sleeve 
948, a guide 950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946, lubricator 
sleeve 948, and the rubber cup 926. The retainer 924 couples the rubbo- cup 
20 926 to the lubricator sleeve 948. The retainer 924 pref^ly has a 
substantially annular cross-section. The retainer 924 may comprise any 
number of conventional commercially available retainers such as, for example, 
slotted spring pins or roll pin. 

The rubber cup 926 is coupled to the retainer 924. the lubricator mandrd 
25 946, and the lubricator sleeve 948. The rubber cup 926 prevoits the entiy of 
foreign materials into the interior region 972 of the tubular membo' 902 below 
the rubber cup 926. The rubber cup 926 may comprise any number of 
conventional commercially available rubber cups such as, for eumple, TP cups 
or Selective Injection Packer (SIP) cup. In a preferred embodiment, the rubber 
30 cup 926 comprises a SIP cup available from Halliburton Energy Services in 
Dallas, TX in order to'optimally block fordgn materials. 
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In a particularly preferred embodiment^ a body of lubricant is further 
provided in the.interior region 972 of the tubular member 902 in order to 
lubricate the interface between the escterior surface of the mandrel 902 and the 
interior surface of the tubular members 902 and 915. The lubricant may 
5 comprise any number of conventional commercially available lubricants such 
as, for ezan4>le, Lubriplate, chlorine based lubricants, oil based lubricants or 
Climax 1500 Antiseize (3100). In a preferred embodim^ti the lubricant 
comprises Climax 1500 Antiseize (3100) available from Climax Lubricants and 
Equipment Co. in Houston, TX in order to optimally provide lubrication to 
10 fadliate the extrusion process. 

The expansion oone 928 is coupled to the lower cone retainer 930, the 
body of cement 932, the lower guide 934, the extension sleeve 936, the housing 
940, and the upper cone retainer 944. In a preferred embodiment, during 
operation of the apparatus 900, the tubular members 902 and 915 are extruded 
15 off of the outer surface of the expansion cone 928. In a preferred embodiment, 
axial movement of the expansion cone 928 is prevented by the lower cone 
retainer 930, housing 940 and the upper cone retainer 944. Inner radial 
movement of the expansion cone 928 is prevented by the body of cement 932, 
the housing 940, and the upper cone retainer 944. 
20 The expansion cone 928 preferably has a substantially annular cross 

section. The outside diameter of the expansion cone 928 is preferably tapered 
to provide a cone shsfw. The wall thjrtnioftiy of the expansion cone 928 m^y 
range, for example, fit)m about 0.125 to 3 inches. In a preferred enad)odiment, 
the wall thidmesB of the expansion oone 928 ranges from about 0.25 to 0.75 
25 inches in Older to optinudly provide adequate compressive strength with 
minimal material. The "^^^t""ip and mttitmntn outside diameters of the 
expansion cone 928 may range, for example, from about 1 to 47 inches. In a 
preferred embodiment, the ma^mum and mininntinn outside diameters of the 
expansion cone 928 range from about 3.5 to 19 in order to optimally provide 
30 expansion of guerally available oilfield tubulars 

The expansion cone 928 may be fabricated from any number of 
conventional commercially available materials such as, for example, ceramic, 
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tool Steel, titanium or low alloy ateel. In a preferred embodiment, the 
expansion cone 928 is fabricate from tool steel in order to optimally provide 
high strength and abrasion resistance. The surface hardness of the outer 
surface of the expansion cone 928 may range, for example, from about 50 
5 Rockwell C to 70 RockweDC, In a preferred embodiment, the surface hardness 
of the outer surface of the expansion cone 928 ranges from about 58 Rockwell C 
to 62 RockweUC in order to optimally provide high yield strength. In a 
preferred embodiment, the expansion cone 928 is heat treated to optimally 
provide a hard outer surface and a resilient interior bo^y in order to optimally 
10 provide abrasion resistance and fi^acture toughness. 

The lower cone retainer 930 is coupled to the expansion cone 928 and the 
housing 940. In a preferred embodiment, axial movement of the expansion cone 
928 is prevented by the lower cone retainer 930. Preferably, the lower cone 
retainer 930 has a substantially ai^nihr cross-section. 
15 The lower cone retainer 930 may be fabricated from any number of 

conventional commercially available materials such as, for example, ceramic, 
tool steel, titanium or low alloy steel. In a preferred embodiment, the lower 
cone retainer 930 is fabricated fit)m tool steel in order to optimally provide high 
strength and abrasion resistance. The surface hardness of the outer surface of 
20 the lower cone retainer 930 may range, for example, fit)m about 50 Rockwell C 
to 70 Rockwdl C. In a preferred embodiment, the surface hardness of the outer 
surface of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 
Rockwell C in order to optimally provide high yield strength. In a preferred 
embodiment, the lower cone retainer 930 is heat treated to optimally provide a 
25 hard outer surface and a resilient interior body in order to optimally provide 
abrasion resistance and frticture toughness. 

In a preferred embodiment, the lower cone retainer 930 and the 
expansion cone 928 are formed as an integral one-piece element in order reduce 
the number of componrata and increase the overall strength of the ^)paratus. 
30 The outer smiiaoe of the lower cone retainer 930 preferably mates with the 
inner surfaces of the tubular members 902 and 915. 
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The body of cement 932 is positioned within the interior of the mandrel 
906. The body of cement 932 provides an inner bearing structure for the 
mandrel 906. The body of cement 932 fiirther may be tosUy driUed out using a 
conventional drill device. In this manner, the mandrel 906 may be easUy 
5 removed using a conventional drilling device. 

The body of cement 932 tnay comprise any number of conventional 
commercially available cement con^Mnmds. Alternatively, ahuninum, cast iron 
or some other drillable metallic; composite, or aggregate material may be 
substituted for cement The body ofcement 932 preferably has a substantiaUy 
10 annula r cross- eeet ion. 

The lower guide 934 is coupled to the eztmBion sleeve 936 and housing 
940. During operation of the apparatus 900, the lower guide 934 preferably 
helps guide the movonent of the mandrel 906 within the tubular membw 902. 
The lower guide 934 preferab^r has a substantially annular cross-section. 
15 The lower guide 934 mfly be fabricated from any number of conventional 
commerdaUy available materials such as, for example, oilfield tubulars. low 
aUoy steel or stainless steeL In a preferred embodiment, the lower guide 934 is 
fiabricated from low alitor steel in order to optimally provide high yield strength. 
The outer surface of the lower guide 934 prrferably mates with the inner 
20 surfiace of the tubular member 902 to provide a sliding fit 

The extension sleeve 936 is coiq)led to the lower guide 934 and the 
housing 940. During operation of the apparatus 900, the extension sleeve 936 
preferably helps guide the movement of the mandrel 906 within the tubular 
member 902. The extension sleeve 936 preferabfy haa a substantiaUy annular 
25 cross-s ecti on. 

The extension sleeve 936 may be fiabricated from any number of 
conventional commercially available matuials such aa, for example, oilfield 
tubulars, low allqy steel or stainless SteeL In a prefened embodiment, the 
extension sleeve 936 is fiabricated from low allqy steel in order to optimally 
30 provide high yield strength. The outer surfiace of the extension sleeve 936 
preferably mates with the inner surface of the tubular member 902 to provide a 
sliding fit In a preferred embodiment, the extension sleeve 936 and the lower 
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guide 934 are formed as an integral one-piece element in order to minimize the 

nxmiber of components and inGreaae the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942, The spacer 938 

preferably includes the iluid passage 952 and is adapted to mate with the 

5 extension tube 960 of the shoe 908. In this manner, a plug or dart can be 

conveyed from the surface through the fluid passages 918 and 952 into the fluid 

pas8age962. Preferably, the spacer 938 has a substantiaUy annular cross- 
section. 

The spacer 938 may be fabricated from any number of conventional 
10 coinmerdaUy available materiab such as, for example, steel, alumi^ 

iron. In a preferred ttnbodiment, the spacer 938 is fabricated from aluminum 
in order to optimaUy provide driUability. The end of the spacer 938 preferably 
mates with the end of the eictension tube 960. In a preferred embodhnent, the 
spacer 938 and the sealing sleeve 942 are formed as an integral one-piece 
15 element in order to reduce the number of oonqwnents and increase the strength 
of thei^paratua. 

The housing 940 is coupled to the lower guide 934, extension sleeve 936, 
expansion cone 928, body of cement 932, and lower cone retainer 930. During 
operation of the apparatus 900, the housing 940 preferably prevents inner 

20 radial motion of the expansion cone 928. PrefOTa>ly, the housing 940 has a 
substantially annular cross-section. 

The housing 940 may be fabricated from any number of conventional 
commercial^ available materials such as, for example, oilBeld tubulars, low 
aUoy steel or stainless steeL In a preferred embodiment, the housing 940 is 

25 fabricated firom low alloiysted in ordor to optimalbr provide high 

In a preferred embodiment, the lower guide 934, extension sleeve 936 and 
housing 940 are foraied as an integral one-faece element in order to minimize 
the number of componrats and increase the stzength of the apparatus. 
In a particularly preferred embodiment, the interior surface of the 

30 housing 940 includes one or more protrusions to fadltate the connection 
between the housing 040 and the body of cement 932. 
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The sealing sleeve 942 is coupled to the support member 904, the body of 
cement 932, the spacer 938, and the upper cone retainer 944. During operation 
of the apparatus, the sealing sleeve 942 preferably provides support for the 
mandrel 906. The sealing sleeve 942 is preferably coupled to the support 
5 member 904 using the coupling 922. Preferably, the sealing sleeve 942 has a 
substantially annular cross-section. 

The sealing sleeve 942 may be fabricated from any number of 
conventional commercially available materials such as» for example, steel, 
aluminum or cast iron. In a preferred embodiment^ the sealing sleeve 942 is 
10 fobricated from aluminum in order to optimal]^ provide driUability of the 
sealing sleeve 942. 

In a particularly preferred embodiment^ the outer surface of the sealing 
sleeve 942 includes one or niore protrusions to fadliate the connection between 
the sealing sleeve 942 and the body of cement 932. 
15 In a particularly preferred embodiment^ the spacer 938 and the sealing 

sleeve 942 are integrally formed as a one-piece el^ent in order to minimize the 
number of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the 
sealing sleeve 942, and the bo^y of cement 932. During operation of the 
20 apparatus 900, the upper cone retainer 944 preferabhjr prevents axial motion of 
the expansion cone 928. Prefu^ly, the upper cone retainer 944 has a 
substantially annular cross-aection. 

The upper cone retainer 944 may be fabricated bom any numbor of 
conventi<mal commerdaUy available materials such as, for example, steel, 
25 aluminum or cast iron. In a prtferred embodiment^ the upper cone retainer 944 
is fabricated from aluminum in onto to optimally provide driUability of the 
upper cone retainer 944. 

In a particularly preferred embodiment, the upper cone retainer 944 has 
a cross-sectional shape designed to provide increased rigidity. In a particularly 
30 preferred embodimenti the upper cone retainer 944 has a cross-sectional shape 
that is substantially I-bhaped to provide increased rigidity and minimize the 
amount of material that would have to be drilled out 
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The lubricator mandrel 946 is coupled to the retainer 924, the rubber cup 
. 926» the upper cone retainer 944, the lubricator sleeve 948, and the guide 950. 
During operation of the apparatus 900, the lubricator mandrel 946 preferably 
contains the body of lubricant in the annular region 972 for lubricating the 
5 interface between the mandrel 906 and the tubular member 902. Preferably, 
the lubricator mandrel 946 has a substantially flnt^^iar cross-section. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional oommerdally available materials such as, for example, steel, 
aluminum or cast iron. In apreferred embodiment, the lubricator mandrel 946 
10 is fabricated from aluminum in order to optimaUy provide drillability of the 
lubricator mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, the rubber cup 926, the upper cone retainer 944, the lubricator 
sleeve 948, and the guide 950. During operation of the apparatus 900, the 
15 lubricator sleeve 948 preferably supports the rubber cup 926. Preferably, the 
lubricator sleeve 948 has a substantially annular crossHsection. 

The lubricator sleeve 948 may be fabricated from any number of 
conventional commerdally available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the lubricator sleeve 948 is 
20 fabricated from aluminum in order to optimally provide drillability of the 
lubricator sleeve 948. 

As illustrated in Fig. 9c, the lubricator sleeve 948 is supported by the 
lubricator mandrel 946. The lubricator sleeve 948 in turn supports the rubber 
cup926. The retains 924 couples the rubber cup 926 to the lubricator sleeve 
25 948. In a preferred embodiment, seals 949a and 949b are imivided between the 
lubricator mandrel 946. lubricator sleeve 948, and rubber cup 926 in order to 
optimally seal off the interior region 972 of the tubular member 902. 

The guide 950 ia coupled to the lubricator mandrel 946, the retainer 924, 
and the lubricator sleeve 948. During operation of the apparatus 900, the guide 
30 950 preferably guides the apparatus on the support member 904. Preferably, 
the guide 950 has a substantially annular cross^section. 
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The guide 950 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the guide 950 is fabricated from aliuninum 
order to optimally provide drillability of the guide 950. 
5 The fluid passage 952 is coupled to the mandrel 906. During operation of 

the apparatus, the fluid passage 952 preferably conveys hardenable fluidic 
materials. In a preferred embodimait» the fluid passage 952 is positioned about 
the centerline of the apparatus 900. In a particularly preferred embodiment, 
the fluid passage 952 is adapti^ to convey hardenable fluidic materials at 

10 pressures and flow rate ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/min in order to optamatty provide pressures and flow rates to displace 
and circulate fluids during the installation of the ^paratus 900. 

The various elements of the numdrd 906 may be coupled using any 
number of conventional process such as, for eocampl^ threaded connections, 

15 welded connections or cementing. In a preferred embodiment, the various 
elements of the mandrel 906 are coupled using threaded connections and 
cementing. 

The shoe 908 preferably includes a housing 954, a body of cement 956, a 
sealing sleeve 958, an extoision tube 960, a fluid passage 962, and one or more 
20 outlet jets 964. 

The housing 954 is coupled to the bo^y of cement 956 and the lower 
portion 914 of the tubidar member 902. During operation of the apparatus 900, 
the housing 954 preferably couples the lower portion of the tubular member 
902 to the shoe 908 to facilitate the extrusi<m and positioning of the tubular 

25 macnber902. Prefgmh^^ the hotming QfU Hm a miliatiiT^taally nnntiliir emgn. 

section. 

The housing 954 may be fabricated bom any numbw of conventional 
commercially available materials sudi as, for example, steel or aluminum. In a 
preferred embodiment, the housing 954 ia fabricated from aluminum in order to 
30 optimally provide drillability of the housing 954. 
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In a particularly preferred embodiment, the interior surface of the 
housing 954 indudes one or more inrptrusions to fadliate the connection 
between the body of cement 956 and the housing 954. 

The body of cement 956 is coupled to the housing 954, and the sealing 
5 sleeve 95d. In a preferred embodiment, the composition of the body of cement 
956 is selected to permit the bo4y of cement to be easity drilled out using 
convmtional drilling machines and processes. 

The composition of the bo<|y of cement 956 may include any number of 
conventional cement compositions. In an alternative embodiment, a driUable 
10 mat»ial such as, for example, aluminum or iron may be substituted for the 
body of cement 956. 

The sealing sleeve 958 ia coupled to the body of cement 956, the 
extension tube 960, the fluid passage 962, and one or more outlet jets 964. 
During operation of the apparatus 900, the sealing sleeve 958 preferably is 
15 adapted to convey a hardenable fluidic material from the fluid passage 952 into 
the fluid passage 962 and then into the outlet jeta 964 in order to iiqect the 
hardenable fluidic material into an annular region external to the tubular 
member 902. In a preferred embodiment, during operation of the apparatus 
900, the sealing sleeve 958 further indudea an inlet geometry that permits a 
20 conventional plug or dart 974 to become lodged in the inlet of the sealing sleeve 
958. In this manner, the fluid passage 962 nu^ be blocked thereby fluididy 
isolating the interior region 966 of the ^bular monber 902. 

In a prefened onbodiment, the sealing aleeve 958 has a substantially 
annular cro884ection. The sealing sleeve 958 mqr be fabricated from any 
25 number of oonvoitional commerdalfy available audi as, for example, 

steel, aluminum or cast iron. In a preferred embodiment, the sealing sleeve 958 
is fabricated from ahuunum in order to optimally provide drillability of the 
sealing sleeve 958. 

The extension tube 960 is coupled to the sealing sleeve 958, the fluid 
30 passage 962, and one or more outlet jets 964. During operation of the 
apparatus 900, the extension tube 960 preferably is adapted to convey a 
hardenable fluidic material from the fluid passage 952 into the fluid passage 
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962 and then into the outlet jets 964 in order to inject the hardenable lluidic 
material into an annular region extmial to the tubular member 902. In a 
preferred embodiment, during operation of the apparatus 900, the sealing 
sleeve 960 further includes an inlet geometiy that permits a conventional plug 
5 or dart 974 to become lodged in the inlet of the sealing sleeve 958. In this 
manner^ the fluid passage 962 is blocked thereby fluididy isolating the interior 
region 966 of the tubular member 902. In a preferred embodiment, one end of 
the extension tube 960 mates with one end of the spacer 988 in order to 
optimal^ fieualiate the transfer of material between the two. 
10 In a {ureferred embodiment, the extension tube 960 has a substantially 

annular cross-section. The extension tube 960 may be fabricated from any 
number of conventional commerdalty available materials such as, for example, 
steel, aluminum or cast iron. In a preferred embodiment, the extension tube 
960 is fabricated from aluminum in order to optimally provide drillability of the 
15 extension tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 958, the extension 
tube 960, and one or more outlet jets 964. During operation of the apparatus 
900, the fluid passage 962 is pref^o^Iy conveys hardenable fluidic materials. In 
a preferred embodiment, the fluid passage 962 is positioned about the 
20 centerline of die apparatus 900. In a particular^ preferred embodiment, the 
fluid passage 962 is ads^ted to convey hard^abie fluidic materials at pressures 
and flow rate ranging from about 0 to 9,000 psi and 0 to 3,000 gaUons/min in 
order to optimaUy provide fluids at operational^ efficient rates. 

The outlet jets 964 are coupled to the sealing sleeve 958, the extmsion 
25 tube 960, and the fluid passage 962. During operation of the apparatus 900, the 
outlet jets 964 pg^mbly convey hardenable fluidic material from the fluid 
passage 962 to the region exterior of the apparatus 900. Inapreferred 
embodiment, the shoe 908 includes a plurality of outlet jets 964. 

In a preferred embodiment, the outlet jets 964 comprise passages drilled 
30 in the housing 954 and the body of cement 956 in order to simplify the 
construction of the apparatus 900. 
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The various elements of the shoe 908 may be coupled using any number 
of conventional process such as, for example, threaded connections, cement or 
machined from one piece of material. In a preferred embodiment, the various 
elements of the shoe 908 are coupled using cement. 
5 In a preferred embodiment, the assembly 900 is operated substantially as 

described above with reference to Figs. 1-8 to create a new section of casing in a 
wellbore or to repair a wellbore casing or pipeline. 

In particular, in order to extend a wellbore into a subterranean 
formation, a drill string is used in a wdl known manner to drill out material 
10 from the subterranean formation to form a new section. 

The apparatus 900 for forming a wellbore casing in a subt^ranean 
formation is then positioned in the new section of the wellbore. In a 
particularly preferred embodiment^ the apparatus 900 includes the tubular 
member 915. In a prrferred embodiment, a hardenable fluidic sealing 
15 hardenable fluidic sealing mat^al is then pumped fi^m a surface location into 
the fluid passage 918. The hardenable fluidic sealing material then passes from 
the fluid passage 918 into the interior region 966 of the tubular member 902 
below the mandrel 906. The hardenable fluidic sealing material then passes 
from the interior r^on 966 into the fluid passage 962. The hardenable fluidic 
20 sealing material then exits the apparatus 900 via the outlet jets 964 and fills an 
annular region between the exterior of the tubular member 902 and the int^or 
wall of the new sedioa of the wellbore. Continued pumping of the hardenable 
fluidic sealing matnial causes the material to fill up at least a portion of the 
annular region. 

25 The hardenable fluidic sealing material is preferabfy pumped into the 

annular r^on at pressures and flow rates ranging, for example, from about 0 
to 5,000 psi and 0 to 1,500 gaUons/bun,re8pectivety. Inaprefecred 
embodiment, the hardenable fluidic sealing matmal is pumped into the annular 
r^on at pressiires and flow rates that are designed for the spedCc wellbore 

30 section in order to optimize the displacement of the hardenable fluidic sealing 
material while not crekting high enough circulating pressures such that 
circulation might be lost and that could cause the wellbore to collapse. The 
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optimum pressitrea and flow rates are preferably determined using conventional 
empirical methods. ^ . 

The hardenable fluidic sealing material may comprise any number of 
conventionai commercially available hardenable fluidic sealing materials such 
5 as, for example, slag mix, cement or epo3^. In a preferred embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 
spedficaUy for the well section being liaed available firoita Halliburton Energy 
Services in Dallas, TX in order to optimally provide support for the new tubular 
member while also maintaining optimal flow characteristics so as to minimixe 

10 operational difficultiea during the displacement of the cement in the annular 
region. The optimum composition of the blended cements is preferably 
determined using conventional empirical methods. 

The annular r^on preferab^ is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the 

15 tubular member 902, the annular region of the new section of the wellbore will 
be filled with hardenable material. 

Once the annular r^on has been adequate filled with hardenable 
fluidic sealing material, a plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 thereby fluidicly isolating the interior 

20 region966of the tubular member 902 from the external annular r^on. In a 
preferred embodiment, a non hard^iable fluidic material is then pmnped into 
the interior region 966 causing the interior rq^on 966 to pressurize. In a 
particularly preferred onbodiment, the plug or dart 974, or other similar device, 
preferably is introduced into the fluid passage 962 by introducing the jAug or 

25 dart 974, or other similar derice into the non hardenable fluidic matmal. In 
this manner, the amount of cured material within tiie interior of tiie tubular 
members 902 and 915 is minimwtfi 

Once the interior region 966 becomes sufficient^ pressurized, the 
tubular members 902 and 915 are extruded off of the mandrel 906. The 

30 mandrel 906 may be fixed or it may be expandable. During the extrusion 
process, the mandrel 906 is raised out.of the expanded portions of the tubular 
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members 902 and 915 using the support member 904. During this extrusion 
process, the shote 908.13 preferably substantiaUy stationazy. 

The plug or dart 974 is preferably placed into the fluid passage 962 by 
introducing the plug or dart 974 into the fluid passage 918 at a surface location 
5 in a conventional manner. The plug or dart 974 may comprise any number of 
conventional commercially available devices for plugging a fluid passage such 
as, for example. Multiple Stage Cementer (MSG) latch-down plug, Omega latch- 
down plug or three-wiper latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the plug or 
10 dart 974 comprises a MSG latch-down plug available firom Halliburton Energy 
Services in Dallas, TX. 

After placement of the plug or dart 974 in the fluid passage 962, the non 
hardenable fluidic material is preferably pumped into the intmor region 966 at 
pressures and flow rates ranging from approzimatefy 500 to 9,000 psi and 40 to 
15 3,000 gallons/min in order to optimally extrude the tubular members 902 and 
915 o£f of the mandrel 906. 

For typical tubular members 902 and 915, the extrusion of the tubular 
members 902 and 915 ofif of the expandable mandrel will begin when the 
pressure of the interior region 966 reaches i^ITOzimat^ 500 to 9,000 psi. In a 
20 preferred embodiment* the extrusion of the tubular members 902 and 915 off 
of the mandrel 906 begins when the pressure of the interior region 966 reaches 
approximate^ 1,200 to 8,500 psi with a flow rate of about 40 to 1250 
gallona/minute. 

During the extrusion process, the mandrel 906 may be raised out of the 
25 expanded portiona of the tubular members 902 and 915 at rates ranging, for 
example, from about 0 to 5 ft/sec In a preferred embodiment, during the 
extrusion process, the mandr^ 906 is raised out of the expanded portions of the 
tubular members 902 and 915 at rates ranging from about 0 to 2 ft/sec in order 
to optimally provide pulling speed fast enough to permit effldent operation and 
30 permit full expansion of the tubular members 902 and 915 prior to curing of the 
hardenable fluidic sealing material; but not so fast that timely acQustment of 
operating parameters during operation is prevented. 
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When the upper end portion of the tubular member 915 is extruded oflf of 
the mandrd 906, the outer surface of the upper end portion of the tubular 
member 915 will preferably contact the interior surface of the lower end portion 
of the existing casing to form an Quid tight overlapping joint The contact 
5 pressure of the overlapping joint may range, for example, from approximate^ 
50 to 20,000 psL In a preferred embodiment^ the contact pressure of the 
overlapping joint between the upper end of the tubular member 915 and the 
eadstang section of wellbore casing ranges from approximate^ 400 to 10,000 psi 
in order to optimally provide contact pressure to activate the sealing members 

10 and provide optimal resistance such that the tubular member 915 and existing 
wellbore casing will carry typical tensile and compressive loads. 

In a preferred embodimtet, the operating pressure and flow rate of the 
non hardenable fluidic material will be oontroUably ramped down when the 
mandrel 906 reaches the upper end portion of the tubular member 915. In this 

15 manner, the sudden release of pressure caused by the complete extrusion of the 
tubular member 915 oflf of the expandable mandrel 906 can be minimized. In a 
preferred onbodiment, the operating pressure is reduced in a substantially 
linear fashion fit>m 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 906 has completed approximate^ all but about the 

20 last 5 feet of the extrusion process. 

In an alternative preferred embodiment^ the operating pressure and/or 
flow rate of the hardenable fluidic sealing material and/or the non hardenable 
fluidic material are controlled during all phases of the operation of the 
apparatus 900 to minimixe shock. 

25 Alternatively, or in combination, a shock absorber is provided in the 

support member 904 in order to absorb the shock caused fay the suddn release 
of pressure. 

Alternatively, or in combination, a mandrel catching structure is 
provided above the support member 904 in order to catch or at least decelerate 
30 themandrd906. 

Once the extrusion process is comfdeted, the mandrel 906 is removed 
from the wellbore. In a preferred embodimenti either before or after the 
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removal of the mandrel 906, the integrity of the fluidic seal of the overlapping 
joint between the upper portion of the tubidar member 915 and the lower 
portion of the existing casing is tested using conventional methods. If the 
fluidic seal of the overl^ping joint between the upper portion of the tubular 
5 member 915 and the lower portion of the existing casing is satisfactory, then 
the uncured portion of any of the hardmable fluidic seaUng material within the 
expanded tubular member 915 is then removed in a conventional manner. The 
hardenable fluidic sealing material within the annular region between the 
expanded tubular member 915 and the existing casing and new section of 
10 wellbore is then allowed to cure. 

Preferably any remaining cured hardenable fluidic sealing material 
within the interior of the expanded tubular members 902 and 915 is then 
removed in a conventional manner using a conventional drill string. The 
resulting new section of casing preferabfy includes the expanded tubular 
15 members 902 and 915 and an outer annular layer of cured hardenable fluidic 
sealing material. The bottom portion of the apparatus 900 comprising the shoe 
908 may then be removed by drilling out the shoe 908 using conventional 
drilling methods. 

In an alternative embodiment, during the extruaion prtM^wa, it may be 
20 necessary to remove the entire ^iparatus 900 firom the interior of the wellbore 
due to a malAmction. In this dicumstance, a conventional driU string is used to 
drill out the interior sections of the apparatus 900 in order to fodlitate the 
removal of the remaining sections. In a preferred embodiment, the interior 
elemaits of the appantaa 900 are fabricated from materials sttch as. for 
25 exanqde, cement and aluminum, that permit a conventional drill string to be 
employed to drill out the interior componoits. 

In particular, in a prefnred embodiment, the composition of the interior 
sections of the mandrel 906 and shoe 908, including one or more of the body of 
cement 932, the spacer 938, the sealing sleeve 942, the upper cone retainer 944, 
30 the lubricator mandrel 946, the lubricator sleeve 948, the guide 950, the 
housing 954, the body of cement 956, the seaUng sleeve 958, and the extension 
tube 960, are selected to permit at least some of these components to be drilled 
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out uBing conventional drilling methods and apparatus. In this manner, in the 
event of a malfunction downhole, the apparatus 900 may be easily removed 
from the wellbore. 

Referring now to Figs. 10a, 10b, 10c, lOd, lOe, lOf, and 10g« method and 
5 apparatus for (seating a tie-back liner in a weUbore will now be described. As 
illustrated in Fig. 10a, a weUbore 1000 positioned in a subterranean formation 
1002 includes a first casing 1004 and a second casing 1006. 

The first casing 1004 preferabfy includes a tubular liner 1008 and a 
cement annulua 1010. The second casing 1006 preferab^ includes a tubular 
10 liner 1012 and a cement annuhis 1014. In a prefored oabodiment, the second 
casing 1006 Is formed by expanding a tubular member substantially as 
described above with reference to Figs. l-9c or below with reference to FigB. 
lla-llf. 

In a particularly preferred embodiment, an upper portion of the tubular 

15 liner 1012 overlaps with a lower portion of the tubular liner 1008. In a 

particularly preferred embodiment, an outer surface of the upper portion of the 
tubular liner 1012 includes one or more sealing members 1016 for providing a 
fluidic seal between the tubular liners 1008 and 1012. 

Referring to Fig. 10b, in order to create a tie-back liner that extends bom 

20 the overlap between the first and second casings, 1004 and 1006, an apparatus 
1100 is preferably provided that includes an eipandable mandrel or pig 1105, a 
tubular member 1110, a shoe 1115, one or more cup seals 1120, a fluid passage 
1130, a fluid passage 11S5» one or more fluid passaffes 1140, seals 1145, and a 
support member 1150. 

25 The expandable mandrel or pig 1105 is coupled to and supported by the 

support member 1150. The expandable mandrd 1105 is preferably ad^ited to 
controUably eoqiand in a radial direction. The expandable mandrel 1105 m^ 
comprise any number of conventional commerdaUy available j^ypftfirfttHa 
mandrela modified in accordance with the totti*hfffEff of the present disclosure. 

30 In a prefinred embodiment^ the expandable mandrel 1105 comprises a hydraulic 
expansion tool substantially as disclosed in U.S. Pat. NTo. 5,348,095, fche 
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disclosure of which is incorporated herein by reference, modiGed in accordance 
with the teachings of ttie present disclosure. 

The tubular member 1110 is cou]^ed to and supported by the opandable 
mandrel 1105. The tubular member 1105 is expanded in the radial direction 
5 and extruded ofifof the expandable mandrel 1105. The tubular member 1110 
may be fabricated from any number of materials such as, for example, Oilfield 
Country Tubular Goods, 13 chromium tubing or plastic piping. In a preferred 
embodiment, the tubular member 1110 is fabricated from Oilfield Country 
Tubular Goods. 

10 The inner and outer diameters of the tubular member 1 110 may range, 

for example, from approzimaiely 0.75 to 47 inches and 1.05 to 48 inches, 
respectively. In a preferred embodiment, the inner and outer diameters of the 
tubular member 1110 range from about 3 to 15.5 inches and 3.5 to 16 inches, 
respectively in order to optimally provide coverage for typical oilfield casing 

15 sizes. The tubular member 1110 preferably comprises a solid member. 

In a preferred embodiment, the upper end portion of the tubular member 
1110 is slotted, perforated, or otherwise modified to catch or slow down the 
mandrel 1105 when it completes the extrusion of tubular member 1110. In a 
preferred embodiment, the length of the tubular member 1110 is limited to 

20 minimize the possibility of buckling. For typical tubuUur member 1110 
materials, the length of the tubular member 1110 is preferably limited to 
between about 40 to 20,000 feet in length. 

The shoe 1115 ia coupled to the expandable mandrel 1105 and the 
tubular member 1110. The shoe 1115 includes the fluid passage 1135. The 

25 shoe 1115 may oonqirise any number of conventional commercially available 
shoes such as, for exaIl^lle, Super Seal U float shoe, Super Seal 11 Down-Jet 
float shoe or a guide shoe with a sealing sleeve for a latch down plug modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodimenti the shoe 1115 comprises an aluminum down-jet guide shoe with a 

30 sealing sleeve for a latch-down plug with side ports radiating off of the exit flow 
port available from Halliburton Energy Services in Dallas, TX, modified in 
accordance with the teachings of the present disclosure, in order to optimally 
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guide the tubular member 1100 to the overlap between the tubular member 
1100 and the casing 1012, optimally fluidicly isolate the interior of the tubular 
member 1100 after the latch down plug has seated, and optimally permit 
drilling out of the shoe 1115 after completion of the expansion and cementing 
5 operations. 

In a preferred embodiment, the shoe 1115 includes one or more side 
outlet ports 1140 in fluidic communication with the fluid passage 1135. In this 
manner, the shoe 1115 injects hardenable fluidic sealing material into the 
region outside the shoe 1115 and tubular member 1110« In a preferred 
10 embodiment, the shoe 1115 includes one or more of the fluid passages 1140 
eadi having an inlet geometiy that can receive a dart and/or a ball sealing 
member. In this manner, the fluid passages 1140 can be sealed ofi'by 
introducing a plug, dart and/or ball sealing elemmta into the fluid passage 
1130. 

15 The cup seal 1120 is coupled to and supported by the support member 

1150. The cup seal 1120 prevents foreign materials from entering the interior 
region of the tubular member 1110 a4jacent to the expandable mandrel 1105. 
The cup seal 1120 may comprise any number of conventional commercially 
available cap seals such as, for example, TP cupe or Selective Injection Packer 

20 (SIP) cups modified in accordance with the ^^t^nhm^ of the present disclosure. 
In a preferred embodiment, the cup seal 1120 comprises a SIP cup, available 
from Halliburton Energy Services in Dallas, TX in order to optimally provide a 
barrier to debris and contain a body of lubricant 

The fluid passage 1130 permits fluidic materials to be transported to and 

25 from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 
1130 preferably extends from a position adjacent to the suriSabe to the bottom of 
the expandable mandrel 1105. The fluid passage 1130 is preferably positioned 

30 along a centerline of the apparatus 1100. The fluid passage 1130 is preferably 
selected to transpoit materials such as cement^ drilling mud or epoxies at flow 
rates and pressures ranging from about 0 to 3,000 gailons/minute and 0 to 9,000 
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psi in order to optimally provide sufficient operating pressures to circulate 
fluids at operatipnally efficient rates. 

The fluid passage 1135 permits fluidic materials to be transmitted from 
fluid passage 1130 to the interior of the tubular member 1110 below the 
5 mandrel 1105. 

The fluid passages 1140 permits fluidic materials to be transported to 
and from the r^on exterior to the tubular monber 1110 and shoe 1115. The 
fluid passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior region of the tubular member 1110 below the 
10 expandable mandrel 1106. The fluid passages 1140 preferably have a cross- 
sectional shape that permits a plug, or other similar device, to be placed in the 
fluid passages 1140 to thereby block further passage of fluidic materials. In this 
manner, the interior region of the tubular member 1110 below the expandable 
mandrel 1105 can be fluidic^y isolated from the region exterior to the tubular 
15 member 1105. This permits the interior region of the tubular member 1110 
below the expandable mandrd 1105 to be pressurized. 

The fluid passages 1140 are preferabfy positioned along the periphery of 
the shoe 1115. The fluid passages 1140 are preferably selected to convey 
materials such as cement, drilling mud or epoxies at flow rates and pressures 
20 ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order to 
optimally fill the annular r^on between the tubular member 1110 and the 
tubular liner 1008 with fluidic materiab. In a preferred embodiment, the fluid 
passages 1140 include an inlet geometry that can receive a dart and/or a ball 
sealing member. In this manner, the fluid passages 1140 can be sealed ofiTby 
25 introducing a plug, dart and/or ball sealing donents into the fluid passage 
1130. In a preferred embodiment, the i^paratus 1100 includes a plurality of 
fluid passage 1140. 

In an alternative embodiment, the base of the shoe 1115 inchides a single 
inlet passage coupled to the fluid passages 1140 that is adapted to receive a 
30 plug, or other similar device, to permit the interior region of the tubular 
member 1110 to be. fliildicty isolated from the exterior of the tubular member 
1110. 
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The seals 1145 are coupled to and supported by a lower end portion of 
the tubular member 1110. The seals 1145 are further positioned on an outer 
surface of the lower end portion of the tubular member 1110, The seals 1145 
permit the overlapping joint between the upper end portion of the casing 1012 
5 and the lower end portion of the tubular member 1110 to be fluididy sealed. 

The seals 1 145 may comprise any number of conventional commercially 
available seals such as» for eacample, lead, rubber, Teflon or epoxy seals modified 
in accordance with the teachings of the present disclosure. In a preferred 
embodimmti the seala 1145 comprise seals molded firom Stratalock epoxy 
10 available from Halliburton Energy Services in Dallas, TX in order to optimally 
provide a hydraulic seal in the overlapping joint and optimally provide load 
canying capacity to withstand the range of typical tensQe and compressive 
loads. 

In aprefeired embodiment, the scials 1145 are selected to optimally 
15 provide a sufficient firictional force to support the expanded tubular member 
1110 from the tubular liner 1008. In a preferred embodiment, the fnctional 
force provided by the seals 1145 ranges from about 1,000 to 1,000,000 Ibf in 
tension and compression in order to optimally support the expanded tubular 
member 1110. 

20 The support member 1150 is coupled to the expandable mandrel 1105, 

tubular member 1110, shoe 1115, and seal 1120, The support member 1150 
preferably comprises an annular member having sufficient strength to cany the 
apparatus 1100 into the wellbore 1000. In a preferred embodiment, the support 
member 1150 further includes one or more conventional cmtralizers (not 

25 illustrated) to help atabilize the tubular member 1110. 

In a prrferred onbodimenti a quantity of lubricant 1 ISO is provided in 
the annular region above the expandable numdrel 1105 within the interior of 
the tubular member 1110. In this manner, the extrusion of the tubular 
member 1110 ofifofthe expandable mandrel 1105 is facilitated. The lubricant 

30 1150 nmyconqirise any nuniberofconventional commercial^ available 

lubricants such as,, for example, Lubriplate, chlorine based lubricants or Climax 
1500 Antiseize (3100). In a preferred embodiment, the lubricant 1150 
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comprisea Climax 1500 Antiseize (3100) available from Climax Lubricants and 
Equipment Co. in Houston, _TX in order to optimaUy provide lubrication for the 
extrusion process. 

In a preferred embodiment, the support member 1150 is thoroughly 
5 cleaned prior to assembly to the remaining portions of the apparatus 1100. In 
this manner, the introduction of foreign material into the apparatus 1100 is 
minimized. This minimizes the possibility of foreign material clogging the 
various flow passages and valves of the apparatus 1100 and to ensure that no 
foreign material interferes with the expansion mandrel 1105 during the 
10 extrusion process. 

In a particular^ preferred embodiment, the apparatus 1 100 includes a 
packer 1155 coupled to the bottom section of the shoe H15 for fluididy 
isolating the region of the wellbore 1000 below the apparatus 1100. In this 
manner, fluidic materials are prevented from entering the region of the 
15 wellbore 1000 below the apparatus 1100. The packer 1155 may comprise any 
number of conventional commercially available packers such as, for example. 
EZ Drill Packer, EZ SV Packer or a drillable cement retainer. In a preferred 
embodiment, the packer 1155 comprises an EZ DriU Packer available from 
Halliburton Energy Services in Dallas. TX. In an alternative embodiment, a 
20 high gel strength pill may be set below the tie-back in place of the packer 1155. 
In another alternative embodiment, the packer 1155 m^ be omitted. 

In a preferred embodimoit, btfore or after poaitimiing the iqiparatus 
1100 within the wellbore 1100, a couple of wellbore vohunes m drcuUted in 
order to ensure that no foreign materials are located within the wellbore 1000 
25 that might dog up the various flow passagw and vahrea of the apparatus 1100 
and to ensure that no foreign material interferes with the operation of the 
expansion mandrd 1105. 

As iUusfarated in Fig. lOe, a hardenable fluidic sealing material 1160 is 
then pumped from a surface location into the fluid passage 1130. The material 
30 1160 then passes from the fluid passage 1130 into tiie interior region of tiie 
tubular member lilO below the expandable mandrel 1105. The material 1160 
then passes from the interior region of the tubular member 1110 into the fluid 
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passages 1140, The material 1160 then exits the apparatus 1100 and fills the 
annular region betwetsn the exterior of the tubular member 1110 and the 
interior wall of the tubular liner 1008. Continued pumping of the material 1160 
causes the material 1160 to fill up at least a portion of the annular region. 
5 The material 1 160 may be pumped into the annular region at pressures 

and flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500 
gallons/min, respectively. In a preferred embodiment, the material 1160 is 
pumped into the annular region at pressures and flow rates specifically 
designed for the casing sizes being run, the annular spaces being filled, the 
10 pumping equipment available, and the properties of the fluid being pumped. 
The optimum flow rates and pressures are preferably ralculated using 
conventional empirical methods. 

The hardenable fluidic sealing material 1160 may comprise any number 
of conventional commercially available hardenable fluidic sealing materials such 
15 as, for example, slag mix, cement or epoxy. In a prefiored embodiment, the 
hardenable fluidic sealing material 1160 comprises blraded cements specifically 
designed for well section being tied-back, available firom Halliburton Energy 
Services in DaUas, TX in order to optimaUy provide proper support for the 
tubular member 1110 while tnm'Titaiwmg optimum flow characteristics so as to 
20 minimize operational difficulties during the displacement of cement in the 
annular region. The optimum blend of the blended conents are preferably 
determined using conventional empirical methods. 

The annular r^on mqr be filled with the material 1 160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1110, 
25 the annular region will be filled with material 1160. 

As illuatrated in Fig. lOd, once the annulft^ region has been adequately 
filled with material 1160, one or more plugs 1166, or other similar devices, 
preferably are introduced into the fluid passages 1140 thereby fluididy isolating 
the interior region of the tubular member 1110 &t)m the annular region 
30 external to the tubular member 1110. In a preferred embodiment, a non 
hardenable fluidic material 1161 is then pumped into the interior region of the 
tubular member 1110 below the mandrel 1105 causing the interior region to 
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pressurize. In a particularly preferred embodiment, the one or more plugs 
1165, or other similar devices, are introduced into the fluid passage 1140 with 
the introduction of the non hardenable fluidic material. In this manner, the 
amoimt of hardenable fluidic material within the interior of the tubular 
5 member illO is nunimized. 

Aa illustrated in Fig. lOe, once the interior region becomes sufEdently 
pressurized, the tubular member 1110 is extruded off of the expandable 
mandrel 1105. During the extrusion process, the expandable mandrel 1105 is 
raised out of the expanded portion of the tubular member 1110. 
10 The plugs 1165 are preferably placed into the fluid passages 1140 by 

introducing the plugs 1165 into the fluid passage 1130 at a surface location in a 
conventional manner. The plugs 1165 may comprise any number of 
conventional commerdaUy available devices from plugging a fluid passage such 
as, for example, brass balls, plug», rubber balls, or darts modified in accordance 
15 with the teachings of the present disclosure. 

In a preferred embodiment, the plugs 1165 comprise low density rubber 
balls. In an alternative embodiment, for a shoe 1105 having a common central 
inlet passage, the plugs 1165 comprise a sin^e latch down dart 

After placement of the plugs 1165 in the fluid passages 1140, the non 
20 hardenable fluidic material 1161 is preferably pumped into the interior region 
of the tubular member 1110 below the mandrel 1105 at pressures and flow 
rates ranging from approximatdy 500 to 9,000 psi and 40 to 3,000 gaUonsAnin . 
In a preferred embodiment, after plaoement of the plugs 1165 in the fluid 
passages 1140» the non hardmable fluidic material 1161 is preferably pumped 
25 into the interior region of the tubular member 1110 below the mandrel 1105 at 
pressures and flow rates ranging from approximately 1200 to 8500 psi and 40 to 
1250 gallona/knin in order to optimally provide extrusion of typical tubulars. 

For typical tubular members 1110, the extrusion of the tubular membv 
1110 off of the expandable mandrel 1105 wfll begin whm the pressure of the 
30 interior region of the tubular member 1110 below the mandrel 1105 reaches, for 
example, api»Qximately 1200 to 8500 psi. In a preferred embodiment, the 
extrusion of the tubular member 1110 off of the expandable mandrel 1105 
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begina when the pressure of the interior region of the tubular member 1110 
below the mandrel 1105 reaches approziniately 1200 to 8500 psi. 

During the extrusion process, the expandable mandrel 1105 may be 
raised out of the expanded portion of the tubular member 1110 at rates 
5 ranging, for example, from about 0 to 5 fVsec. In a preferred embodiment, 
during the extrusion process, the expandable mandrel 1 105 is raised out of the 
expanded portion of the tubular member 1110 at rates ranging from about 0 to 
2 ft/sec in order to optimally |vovide permit adtfuatment of operational 
parameters, and optimaUy ensure that the extrusion process will be completed 
10 before the material 1160 cures. 

In a preferred embodiment, at least a portion 1180 of the tubular 
member 1110 has an internal diameter less than the outside diameter of the 
mandrel 1105. Inthismanner, when the mandrd 1105 expands the section 
1180 of the tubular member 1110, at least a portion of the expanded section 
15 1180 effects a seal with at least the wellbore casing 1012. In a particularly 
preferred embodiment, the seal is effected by compressing the seals 1016 
between the expanded section 1180 and the w^bore casing 1012. In a 
preferred embodiment, the contact pressure of the joint between the expanded 
section 1180 of the tubular member 1110 and the casing 1012 ranges from 
20 about 500 to 10,000 psi in order to optimally provide pressure to activate the 
sealing members 1145 and provide optimal resistance to ensure that the joint 
will withstand typical extremes of tensile and compressive loads. 

In an alternative prtferred embodimmt^ substantially all of the entire 
length of the tubular member 1110 has an internal diametn less •^ "n the 
25 outside diameter of the mandrd 1105. In this manner, extrusion of the tubular 
member 1110 by the mandrel 1105 residts in contact between sufaetantially aU 
of the expanded tubular member 1110 and the existing casing 1008. In a 
prefored embodiment^ the contact pressure of the joint between the expanded 
tubular member 1110 and the casings 1008 and 1012 ranges from about 500 to 
30 10,000 psi in order to optimally provide pressure to activate the sealing 
members 1145 and prbvide optimal resistance to ensure that the joint will 
withstand typical extremes of tensile and compressive loads. 
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In a preferred embodiment, the operating pressure and flow rate of the 
material llQl ia contrpUably ramped down when the expandable mandrel 1105 
reaches the upper end portion of the tubular member 1110. In this manner, the 
sudden release of pressure caused by the complete extrusion of the tubular 
5 member 1 110 ofif of the expandable mandrel 1105 can be minimized. In a 
preferred embodiment, the operating pressure of the fluidic material 1161 is 
reduced in a substantiaQy linear fashion from 100% to sbout 10% during the 
end of the extrusion process beginning when the mandrel 1105 has completed 
approximately all but about 5 feet of the extrusion process. 
10 Alternatively, or in combination, a shock absorber is provided in the 

support member 1150 in order to absorb the shock caused by the sudden release 
of pressure. 

Alternatively, or in combination, a mandrel catching structure is 
provided in the upper end portion of the tubular member 1110 in order to catch 

15 or at least decelerate the mandrel 1105. 

Referring to Fig. lOf, once the extrusion process is completed, the 
expandable mandrel 1 105 is removed from the weUbore 1000. In a preferred 
embodiment^ either before or aftar the removal of the expandable mandrd 
1105, the integrity of the fluidic seal of the joint between the upper portion of 

20 the tubular member 1110 and the upper portion of the'tubular liner 1108 is 
tested using conventional methods. If the fluidic seal of the joint between the 
upper portion of the tubular member 1110 and the upp^ portion of the tubular 
liner 1008 is satiaEBbctoty, then the uncured portion of the material 1160 within 
the expanded tubular member 1110 is then removed in a conventional manner. 

25 The material 1160 within tlie annular region between the tubular member 1110 
and the tubular liner 1008 is then allowed to cure. 

As illustrated in Fig. lOf, preferably any remaining cured material 1160 
within the interior of the expanded tubular member 1110 is then removed in a 
conventional manner using a conventional drill string. The resulting tie-back 

30 liner of casing 1170 includes the expanded tubular member 1110 and an outer 
annular layer 1175 of cured material 1160. 
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Aa aiustrated in Fig. lOg, the remaining bottom portion of the apparatus 
1100 comprising th^ shoe 1115 and packer 1155 is then preferably removed by 
drilling out the shoe 1115 and packer 1155 using conventional drilling methods. 
In a particularly preferred embodiment, the apparatus 1100 incorporates 
5 the apparatus 900. 

Referring now to Figs, lla-llf, an embodiment of an apparatus and 
metiiod for hanging a tubular hner off of an existing wellbore casing will now be 
described. As illustrated in Fig. 11a, wdlbore 1200 is positioned in a 
subterranean formation 1206. The wellbore 1200 includes an earisting cased 
10 section 1210 having a tubular casing 1215 and an annular outer layer of cement 
1220. 

In order to extend the wellbore 1200 into the subterranean formation 
1205, a drill string 1225 is used in a weU known manner to drill out material 
from the subterranean formation 1205 to form a new section 1230. 
15 As iUustrated in Fig. lib, an apparatus 1300 for forming a wdlbore 

casing in a subterranean formation is then positioned in the new section 1230 
of the wellbore 100. The apparatus 1300 preferably includes an expandable 
mandrel or pig 1305, a tubular member 1310, a shoe 1315, a fluid passage 1320, 
a fluid passage 1330, a fluid passage 1335, seals 1340, a support mmber 1345, 
20 and a wiper plug 1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
member 1345. The. expandable mandrel 1305 ia pr^erab^ aHa pt^^^i to 
oontroUably expand in a radial direction. The expandable mandzel 1305 may 
comprise any number of conventional comnifircial^ ftvailahlft AKpflndflM^ 
25 mandrels modified in accordance with the teachings of the presat disclosure. 
In a preferred embodiment^ the expandable mandrel 1306 comprises a hydraulic 
esqpansion tool substantially aa disclosed in U.S. Pat. No. 5,348,095, the 
disdosure of which is incorporated herein by reference, modified in accordance 
with the teachings of the present disclosure. 
30 The tubular member 1310 is coupled to and supported by the expandable 

mandrel 1305. The tubular member 1310 is preferably expanded in the radial 
direction and extruded off of the expandable mandrel 1305. The tubular 
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member 1310 may be fabricated from any number of materials such as, for 
example, OOfieW Country Tubular Ctooda (OCTG), 13 chromium steel 
tubing^casing or plasdc casing. In a preferred embodiment, the tubular 
member 1310 is fabricated from OCTG. The inner and outer diameters of the 
5 tubular member 1310 may range, for eicample, fi^m approximately 0.75 to 47 
inches and 1.05 to 48 inches, respectively. In a preferred embodiment, the 
inner and outer diameters of the tubular member 1310 range from about 3 to 
15.5 inches and 3,5 to 16 inches, respectively in order to optimally provide 
minimal telescoping effect in the most commonly encountered wellbore sizes. 
10 In a preferred embodiment, the tubular member 1310 includes an upper 

portion 1355, an intermediate portion 1360, and a lower portion 1365. In a 
preferred embodiment, the wall thickness and outer diameter of the upper 
portion 1355 of the tubular member 1310 range from about 3/8 to 1 inches 
and 3 to 16 inches, respectively. In a prefored embodiment^ the wall 
16 thickness and outer diameter of the intermediate portion 1360 of the tubular 
member 1310 range from about 0.625 to 0.75 inches and 3 to 19 inches, 
respectively. In a preferred embodiment, the wall thickness and outer 
diameter of the lower portion 1365 of the tubular member 1310 range from 
about 3/8 to 1.5 inches and 3.5 to 16 inches, respectively. 
20 In a particularly preferred embodiment, the out« diameter of the lower 

portion 1365 of the tubular member 1310 is significantly less than the outer 
diameters of the upper and intermediate portions, 1355 and 1360, of the 
tubular membw 1310 in order to optimize the fonnation of a concentric and 
overlapping arrangement of weUbore casings. In this manner, as wiU be 
25 described below with reference to Figs. 12 and 13, a wellhead system is 

optimally provided. In a preferred embodimrat, the formation of a wellhead 
system does not include the use of a hardenable fluidic material. 

In a particularly preferred embodiment, the wall thickness of the 
intermediate section 1360 of the tubular memba 1310 is less than or equal to 
30 the wall thickness of the upper and lower sections, 1355 and 1365, of the 
tubular member 1310 in order to optimal^ fadliate the initiation of the 
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extrusion process and optimaUy permit the placement of the apparatus in areas 
of the wellbore baviiig ti^t clearances. 

The tubular member 1310 preferably comprises a solid member. In a 
preferred embodiment, tbe upper end portion 1365 of the tubular.member 1310 
5 is slotted, perforated, or otherwise modiGed to catch or slow down the mandrel 
1306 when it completes the extrusion of tabular member 1310. In a preferred 
embodiment, the length of the tubular member 1310 is limited to minimize the 
possibiUly of buckling. For typical tubular member 1310 materiala, the length 
of the tubular member 1310 is preferably limited to between about 40 to 20.000 
10 feet in length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1336. The shoe 1315 may comprise 
any number of conventional commercially available shoes such as, for example. 
Super Seal II float shoe. Super Seal II Down Jet float shoe or guide shoe with a 
15 sealing sleeve for a latch-down plug modified in accordance with the teachings 
of the present disclosure. In a preferred embodiment, the shoe 1315 comprises 
an aluminum down-jet guide shoe with a sealing sleeve for a latch-down plug 
available from Halliburton Energy Services in Dallas, TX, modified in 
accordance with the teachings of the present disclosure, in order to optimaUy 
20 guide the tubular member 1310 mto the weUbore 1200; optimaUy fluididy 
isolate the interior of the tubular member 1310, and optimally permit the 
complete diiU out of the shoe 1315 upon the completion of the extrusion and 
cementing operations. 

In a preferred embodiment, the shoe 1315 fiirther indudes one or more 
25 side outlet ports in fluidic communication with the fluid passage 1330. In this 
manner, the shoe 1315 preferably injects hardenable fluidic sealing material 
into the region outside the shoe 1315 and tubular member 1310. In a preferred 
embodiment, the shoe 1315 indudes the fluid passage 1330 having an inlet 
geometry that can receive a fluidic sealing member. In this manner, the fluid 
30 passage 1330 can be sealed off by introducing a plug, dart and/or baU sealing 
elements into the fluid passage 1330. 
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The fluid passage 1320 pennits fluidic materials to be transported to and 
from the interipr region of the tubular member 1310 below the expandable 
mandrel 1305. The fluid passage 1320 ia coupled to and positioned within the 
support member 1345 and the expandable mandrel 1305. The fluid passage 
5 1320 preferably extends from a position adjacent to the surface to the bottom of 
the expandable mandrel 1305. The fluid passage 1320 is preferably positioned 
along a centerline of the apparatus 1300. The fluid passage 1320 is preferably 
selected to transport materials such as cement, drilling mud, or epoxies at flow 
rates and pressures ranging from about 0 to 3,000 gallona^ninute and 0 to 9,000 
10 psi in order to optimally provide sufQdent operating pressures to circulate 
fluids at operationally eCBdent rates. 

The fluid passage 1330 pennits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fluidic 
15 communication with the interior region 1370 of the tubular member 1310 below 
the expandable mandrel 1305. The fluid passage 1330 preferably has a cross- 
sectional shape that permits a plug, or other similar device, to be fdaced in fluid 
passage 1330 to thereby block further passage of fluidic materials. In this 
manner, the interior region 1370 of the tubular monber 1310 below the 
20 expandable mandrel 1305 can be fluididy isolated from the region exterior to 
the tubular member 1310. This permits the interior region 1370 of the tubular 
msBober 1310 below the expandable mandrel 1306 to be pressurized. The fluid 
passage 1330 is preferably positioned substantially along the centerline of the 
qiparatus 1300. 

25 The fluid pasaags 1830 is preferabfy selected to convey materials such as 

cement, drilling mud or epoxies at flow rates and pressuree ranging from about 
0 to 3,000 gallona^oinute and 0 to 9,000 psi in order to optimally fill the 
annular region between the tubular membor 1310 and the new section 1230 of 
the wellbore 1200 with fluidic materials. In a preferred embodiment, the fluid 

30 passage 1330 indudes an inlet geometry that can receive a dart and/or a baU 
sealing member. In this manner, the fluid passage 1330 can be sealed off by 
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introducing a plug, dart and/or ball sealing elements into the fluid passage 
1320. 

The fluid passage 1335 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
5 passage 1335 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the fluid passage 1330. The fluid passage 1335 is 
preferably positioned substantially along the centerlihe t)f the apparatus 1300. 
The fluid passage 1335 is preferably selected to convey materials such as 
cement, drilling mud or epozies at flow rates and pressures ranging from about 
10 0 to 3,000 gallona/xninute and 0 to 9,000 pai in order to optimally fill the 

annular region between the tubular member 1310 and the new section 1230 of 
the weilbore 1200 with fluidic materials. 

The seals 1340 are coupled to and supported by the upper end portion 
1355 of the tubular membo: 1310. The seals 1340 are further positioned on an 
15 outer surface of the upper end portion 1355 of the tubular member 1310. The 
seals 1340 permit the ovOTl^>ping joint between the lower end portion of the 
casing 1215 and the upper portion 1355 of the tubular member 1310 to be 
fluididy sealed. The seals 1340 may conqnrise any number of conventional 
commercially available seals such as, for example, lead, rubber, Teflon, or epoxy 
20 seals modified in accordance with the teachings of the present disclosure. In a 
preferred embodiment, the seals 1340 comprise seals molded from Stratalock 
epoxy available from Halliburton Energy Services in Dallas, TX in ordv to 
optimal^ provide a hydraulic seal in the anntdus of the overlapping joint while 
also creating optimal load bearing capabili^ to withstand typical tensile and 
25 compressive loads. 

In a preferred embodiment, the seab 1340 are selected to optimally 
provide a sufficient frictional force to support the expanded tubular member 
1310 fitim the existing casing 1215. In a preferred embodiment, the frictional 
force provided by the seals 1340 ranges from about 1,000 to 1,000,000 Ibf in 
30 order to optimally support the expanded tubtdar member 1310. 

The support member 1345 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1315, and seals 1340. The support member 1345 
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preferably comprises an annular member having sufHdent strength to carry the 
apparatus 1300 into the new section 1230 of the wellbore 1200. In a preferred 
embodiment^ the support member 1345 further include one or more 
conventional centralizers (not illustrated) to help stabilize the tubular member 
5 1310. 

In a preferred embodiment, the support member 1345 is thorou^y 
cleaned prior to assembly to the remaining portions of the apparatus 1300. In 
this manner, the introduction of foreign material into the apparatus 1300 is 
minimized. Thisminimizes the possibility of foreign material dogging the 
10 various flow passages and valves of the apparatus 1300 and to ensure that no 
foreign material interferes with the expansion process. 

The wiper plug 1350 is coupled to the mandrel 1305 within the interior 
region 1370 of the tubular member 1310. The wiper plug 1350 indudea a fluid 
passage 1375 that is coupled to the fluid passage 1320. The wiper plug 1350 
15 may comprise one or more conventional commerdally available wiper plugs 
such as, for example. Multiple Stage Cementer latch-down plugs, Omega latch- 
down plugs or three-wiper latch-down plug modiGed in accordance with the 
teachings of the present disdosure. In a preferred embodiment, the wiper plug 
1350 comprises a Multiple Stage Cem»ter latch-down plug available from 
20 Halliburton Energy Serricea in DaUaa,TX modified in a conventional 
for releasable attachment to the expansion mandrel 1305. 

In a prrferred embodiment^ before or after positioning the apparatus 
1300 within the new section 1230 of the wellbore 1200, a couple of wellbore 
volumes are circulated in order to ensure that no foreign miwt^ala are located 
25 within the wellbore 1200 that miji^t dog up the various flow passa 

valves of the i4>paratus 1300 and to ensure that no foreign material interferes 
with the extrusion process. 

As illustrated in Fig. lie, a hardenable fluidic sealing material 1380 is 
then pumped from a surface location into the fluid passage 1320. The material 
30 1380 then passes from the fluid passage 1320, through the fluid passage 1375, 
and into the interior region 1370 of the tubular member 1310 below the 
expandable mandrel 1305. The material 1380 then passes from the interior 
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region 1370 into the fluid passage 1330. The material 1380 then exits the 
apparatus 1300 via the fluid passage 1335 and fills the annular region 1390 
between the exterior of the tubular member 1310 and the interior wall of the 
new section 1230 of the wellbore 1200. Ck)ntinued pumping of the material 
5 1380 causes the material 1380 to fiU up at least a portion of the annular region 
1390. 

The material 1380 nuyr be pumped into the annular region 1390 at 
pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1,500 gallonaAnin, respectively. In a preferred embodiment, the material 1380 
10 is pumped into the annular region 1390 at pressures and flow rates ranging 
from about 0 to 5000 psi and 0 to 1,500 gaUonsAnln, respectively, in order to 
optimally fiU the annular region between the tubular member 1310 and the new 
section 1230 of the weUbore 1200 with the hardenable fluidic sealing material 
1380. 

15 The hardenable fluidic sealing material 1380 may comprise any number 

of conventional commerdaUy available hardenable fluidic sealing materials such 
as, for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material 1380 comprises blended cements designed 
specifically for the weU section being drilled and available from Halliburton 
20 Energy Services in order to optimally provide support for the tubular member 
1310 during displacement of the material 1380 in the annular region 1390. The 
optimum blend of the cement ia preferably determined using conventional 
empirical methods. 

The annular region 1390 preferably ia flUed with the material 1380 in 
25 sufficient quantities to ensure that, upon radial expanaion of the tubular 
member 1310, the annular region 1390 of the new aection 1230 of the wellbore 
1200 will be filled with material 1380. 

As iUustrated in Fig. lid. once the annular region 1390 has been 
adequately fiUed with material 1380, a wiper dart 1396, or other similar device, 
30 is introduced into the fluid passage 1320. The wiper dart 1395 is preferably 
pumped through the fluid passage 1320 by a non hardenable fluidic material 
1381. The wiper dart 1395 then preferably engages the mper plug 1350. 
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As iUustrated in Fig. lie, in a preferred embodiment, engagement of the 
wiper dart 1395 with. Oje wiper plug 1350 causes the wiper plug 1350 to 
decouple from the mandrel 1306. The wiper dart 1396 and wiper plug 1360 
then preferably wiU lodge in the fluid passage 1330, thereby blocking fluid flow 
5 through the fluid passage 1330, and fluididy isolating the interior region 1370 
of the tubular member 1310 from the annular region 1390. In a preferred 
embodiment, the non hardenable fluidic material 1381 is then pumped into the 
interior region 1870 causing the interior region 1870 to pressurize. Once the 
interior region 1870 becomes sufficiently pressurized, the tubular member 1310 
10 is extruded oflf of the eaqMmdable mandrel 1305. During the extrusion process, 
the expandable mandrel 1305 is raised out of the expanded portion of the 
tubular member 1310 by the support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
introducing the wiper dart 1395 into the fluid passage 1320 at a surface location 
15 in a conventional manner. The wiper dart 1395 may comprise any number of 
conventional commercially available devices from plugging a fluid passage such 
as, for example. Multiple Stage Cementer latch-down plugs. Omega latch-^lown 
plugs or three wiper latch-down plug^dart modified in accordance with the 
teachings of the present disclosure. In a pntemd embodiment, the wipw dart 
20 1395 comprises a three wiper latch-down plug modified to latch and seal in the 
Multiple Stage Cementer latch down plug 1350. The three wiper latch-down 
plug is available from Halliburton Eneigy Services in OaJIas, TX. 

After blocking the fluid passage 1880 using the wiper plug 1880 and 
wiper dart 1895, the non hardwiable fluidic material 1881 m^ be pumped into 
25 the interior region 1870 at pressures and flow rates ranging, for example, from 
approximately 0 to 5000 pei and 0 to 1,500 gallons/talin in order to optimaUy 
extrude the tubular member 1310 off of the mandrel 1805. In this manner, the 
amount of hardenable fluidic material within the interior of the tubular 
member 1810 is minimized. 
30 In a preferred embodiment, after blocking the fluid passage 1330, the 

non hardenable fluidic material 1381 is preferably pumped into the interior 
region 1370 at pressures and flow rates ranging from approximately 500 to 
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9,000 psi and 40 to 3,000 gallona/min in order to optimally provide operating 
pressures to maintain the ezpa2i8io4.proces8 at rates sufficient to permit 
adjustments to be made in operating parameters during the extrusion process. 
For typical tubular members 1310, the eztniaion of the tubular member 
5 1310 off of the expandable niandrel 1305 will begin when the pressure of the 
interior region 1370 reaches, for example, approximately 500 to 9,000 psi. In a 
preferred embodiment^ theextrudonof the tubular member 1310 off of the 
expandable mandrel 1305 is a function of the tubular member diameter, wall 
thickness of the tubular monber, geometry of the mandrel, the type of 
10 lubricant^ the composition of the shoe and tubular member, and the yidd 
strength of the tubular member. The optimum flow rate and operating 
pressures are preferably determined using conventional empirical methods* 
During the extrusion process, the expandable mandrel 1305 may be 
raised out of the expanded portion of the tubular mraiber 1310 at rates 
15 ranging, for example, from about 0 to 5 ft/sec In a preferred embodiment, 
during the extrusion process, the expandable mandrel 1305 may be raised out of 
the expanded portion of the tubular member 1310 at rates ranging from about 0 
to 2 ft/sec in order to optimaQy provide an efficient process, optimal^ permit 
operator aiitiustment of opoation parameters, and ensure optimal completion of 
20 the extnision process before curing of the material 1380. 

the upper end portion 1355 of the tubular member 1310 is 
extruded off of the expandable mandrel 1305, the outer surface of the upper end 
portion 1355 of the tubular member 1310 will preferably contact the interior 
surface of the lower end portion of the casing 1216 to form an fluid tight 
25 overiflfiping joint The contact pressure of the overlsfqung joint tnay range, for 
example, firom approximately 50 to 20,000 psL In a preferred embodiment, the 
contact pressure of the overlapping joint ranges from approximately 400 to 
10,000 psi in order to optimally provide contact pressure sufficient to ensure 
annular sealing and provide enough resistance to withstand typical tensile and 
30 compressive loads. In a particularly preferred embodiment, the sealing 
members 1340 will.ensure an adequate fluidic and gaseous seal in the 
overlappingjoint 
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In a preferred embodiment, the operating pressure and flow rate of the 
non hardenable. fluidic material, 1381 is controllably ramped down when the 
expandable nundrel 1305 reaches the upper end portion 1355 of the tubular 
member 1310. In this manner, the sudden release of pressure caused by the 
5 complete extrusion of the tubular member 1310 off of the eoqMndable mandrel 
1306 can be minimized. In a preferred embodiment, the operating pressure is 
reduced in a substantiaUy linear fashion from 100% to about 10% during the 
end of the extrusion process beginning when the mandrel 1306 has completed 
approzimatdy all but about 5 feet of the extrusion process. 
10 Alternative, or in combination, a shock absorber is provided in the 

support monber 1346 in order to absorb the shock caused by the sudden release 
of pressure. 

Altonattvefy, or in combination, a mandrel catching structure is 
provided in the upper end portion 1355 of the tubular munber 1310 in order to 

15 catch or at least decelerate the mandrel 1305. 

Once the extrusion process is completed, the ezpanflable mandrel 1306 is 
removed from the weUbore 1200. In a preferred embodiment, either before or 
after the removal of the expandable mandrel 1305, the integrity of the fluidic 
seal of the overlapping joint between the upper portion 1355 of the tubular 

20 member 1310 and the lower portion of the casing 1215 ia tested using 

conventional methods. If the fluidic seal of the ovolapping joint between the 

upper portion 1355 of the tubular member 1310 and the iovrer portion of the 

casing 1215 is satisfiwtory. then the uncured portion of the material 1380 

within the expanded tubular member 1910 is then removed in a conventional 

25 manner. The material 1380 within the annular region 1390 is then aUowed to 
cure. 

As illustrated in Fig. llf, preferably any remaining cured nmterial 1380 
within the interior of the expanded tubular member 1310 is thm removed in a 
conventional manner using a conventional drill string. The resulting new 
30 section of casing 1400 includes the expanded tubular member 1310 and an 
outer annular layer l405 of cured material 305. The bottom portion of the 
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apparatus 1300 comprising the shoe 1315 may then be removed by drilling out 
the shoe 1315 using conventional drilling methods. 

Referring now to Pigs. 12 and 13, a preferred enibodiment of a wellhead 
system 1500 formed using one or more of the apparatus and processes described 
5 above with reference to Figs. Hlf will be described. The wellhead system 1500 
preferably includes a conventional Christmas tree/drilling spool assembly 1505, 
a thick wall casing 1610, an annular body of cement 1515, an outer casing 1520, 
an annular hoiy of cement 1525, an intermediate casing 1530, and an inner 
casing 1535, 

10 The Christmas tree/drilling spool assembly 1505 may comprise any 

number of conventional Chrifltmas tree/drilling spool assemblies such as, for 
example, the SS-15 Subsea Wellhead System, Spool Tree Subsea Production 
System or the Compact Wellhead System available from supphers such as Dril- 
Quip, Cameron or Breda, modified in accordance with the teachings of the 
15 present disclosure. The drilling spool assembly 1505 is preferab^ operably 
coupled to the thick wall casing 1510 and/or the outer casing 1520. The 
assembly 1505 m^ be coupled to the thick wall casing 1510 and/or outer casing 
1520, for example, by welding, a threaded connection or made from single stock. 
In a preferred ^nbodiment» the assembly 1505 is coupled to the thick wall 
20 casing 1510 and/or outer casing 1520 by welding. 

The thi<^ wall casing 1510 is positioned in the upper end of a wellbore 
1540. In a preferred embodiment, at least a portion of the thidc wall casing 
1510 extends above the surface 1545 in order to optimally provide eas^ 
and attachment to the Chriatmas tree/drilling spool assemb^ 1505. The thick 
25 waUcaaing 1510 is prrfrndb^y coupled to the Christmas tre^^ 

assembfy 1505, the annular bo4y of cement 1515, and the outer casing 1520. 
The thick wall 

nnniwyg 1510 uuiy compriso any number of conventional 
conunerdally available high strength wellbore casings such as, for example. 
Oilfield Country Tubular Goods, titanium tubing or stainless steel tubing. In a 
30 preferred embodiment, the thick wall casing 1510 comprises Oilfield Country 
Tubular Goods available from various foreign and domestic steel mills. In a 
preferred embodiment, the thick wall casing 1510 has a yield strength of about 
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40,000 to 135,000 psi in ord«r to optiinally provide fti«i^*intifn burst, coUapse, 
and tensile strengths.- In a preferred einboctiment, the thick waU casing 1510 
has a failure strength in excess of about 5,000 to 20,000 psi in order to 
optimally provide m aa ini n m operating capacity and resistance to degradation of 
5 capacity after being drilled throng for an extended time period. 

The annular bo^y of cement 1515 provides support for the thick wall 
casing 1510. The annular bod|y of cemoit 1515 may be provided using any 
number of conventional processes for forming an annular body of cement in a 
wellbore. The annular body of cement 1515 may comprise any number of 
10 conventional cement mixtures. 

The outer casing 1520 is coupled to the thick wall casing 1510. The outer 
casing 1520 may be fabricated &x)m any number of conventional commercially 
available tubular members modified in accordance with the f^jirhtup of the 
present disclosure. In a preferred embodiment, the outer casing 1520 comprises 
15 any one of the expandable tubular members described above with referrace to 
Pigs. Mlf. 

In a preferred embodiment, the outer casing 1520 is coupled to the thick 
waU casing 1510 by expanding the outer casing 1520 into contact with at least a 
portion of the interior surface of the thick wall casing 1510 using any one of the 

20 embodimnts of the processes and apparatus described above with reference to 
Figs. 1-llf. In an alternative embodimrat, substanttalty all of the overb^ of the 
outer casing 1520 with the thick wall casing 1510 contacts with the interior 
surface of the thidc wall casing 1510. 

The contact pressure of the interface between the outer casing 1520 and 

25 the thick waU casing 1510 may range, for example, from about 500 to 10,000 
psi. In a preferred embodiment, the contact pressure between the outer casing 
1520 and the thick wall casing 1510 ranges from about 500 to 10,000 psi in 
order to optimally activate the pressure activated sealing members and to 
ensure that the overlapping joint will optimallty mthstand typical extremes of 

30 tensile and compressive loads that are experienced during drilling and 
production operataens. 
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As illustrated in Fig. 13, in a particularly preferred embodiment, the 
upper end of the outer casing 1520 includes one or more sealing members 1550 
that provide a gaseous and fluidic seal between the expanded outer casing 1620 
and the interior wall of the thick wall casing 1510. The sealing memb^s 1550 
5 may comprise any number of conventional commercially available seals such as, 
for example, lead, plastic, rubber, Teflon or epoxy, modified.in accordance with 
the teacfaingB of the present disdoaure. In a prrferred embodiment, the sealing 
members 1550 comprise seals molded from StrataLock epoxy available from 
Halliburton Energy Services in order to optimal^ provide an hydraulic seal and 
10 a load bearing interference fit between the tubular meml>ers. In a preferred 
embodiment, the contact pressure of the interface between the thick wall casing 
1510 and the outer casing 1520 ranges from about 500 to 10,000 psi in order to 
optimally activate the sealing members 1550 and also optunally ensure that the 
joint will withstand the typical operating extremes of tensile and conqiressive 
15 loads during drilling and production operationa. 

In an alternative preferred embodiment, the outer casing 1520 and the 
thick walled casing 1510 are combined in one unitary member. 

The annular bo4y of cement 1525 provides support for the outer casing 
1520. In a preferred embodiment, the annular body of cement 1525 is provided 
20 using any one of the embodiments of the apparatus and processes described 
above with reference to Figs. 1-1 If. 

The intermediate casing 1530 mi^ be coupled to the outer casing 1520 or 
the thick wall casing 1510. In a preferred embodiment, the intermediate casing 
1530 is coupled to the thick waU casing 1510. The intermediate casing 1530 
25 may be fabricated from any number of conventional commerciaUy available 
tubular members modified in accordance with the teachings of the present 
disclosure. In a prefured embodiment, the intermediate casing 1530 comprises 
any one of the expandable tubular members described above with reference to 
Pigs. Mlf. 

30 In a preferred embodiment, the intermediate casing 1530 is coupled to 

the thick waU casing 1510 by expanding at least a portion of the intermediate 
casing 1530 into contact with the interior surface of the thick wall casing 1510 
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using any one of the processes and apparatus described above with reference to 
Pigs. Hlf. In an alternative preferred embodiment, the entire length of the 
overlap of the intermediate casing 1530 with the thick wall easing 1510 contacts 
the inner surface of the thick waU casing 1510. The contact pressure of the 
5 interface between the intermediate casing 1630 and the thick wall casing 1510 
may range, for example from about 500 to 10,000 pei. In a preferred 
embodiment, the contact pressure between the intermediate casing 1530 and 
the thick waU casing 1510 ranges from about 500 to 10,000 psi in order to 
optimally activate the pressure activated sealing members and to optimally 
10 ensure that the joint wiU withstand typical operating extremes of tensUe and 
compressive loads experienced during drilling and production operations. 

As iUustrated in Fig. 13, in a particularly preferred embodiment, the 
upper end of the intermediate casing 1530 includes one or more sealing 
members 1560 that provide a gaseous and fluidic seal between the expanded 
15 end of the intermediate casing 1530 and the interior wall of the thick wall 
casing 1510. The sealing members 1560 may comprise any number of 
conventional commerdaUy available seals such as, for example, plastic, lead, 
rubber. Teflon or epoxy. modified in accordance with the teachings of the 
present disdosuxe. In a preferred embodunent, the sealing members 1560 
20 comprise seals molded £ri)mStrataLodcepoiQr available from HaUiburton 
Energy Services in order to optimally provide a hydraulic seal and a load 
bearing interfsenoe fit between the tubular monben. 

In a prrfened embodiment, the contact pressure of the interface between 
the expanded aid of the Intermediate casing 1530 and the thick wall casing 
25 1510 ranges from about 500 to 10,000 pd in order to optimally activate the 
sealing membera 1560 and also optimally ensure that the joint wiU withstand 
tiypical opoating extremes of tensile and comin^ssive loads that are 
experienced during driUing and production operations. 

The inner casing 1535 may be coupled to tiie outer casing 1520 or the 
30 thick wall casing 1510. In a preferred embodiment, the inner casing 1535 is 
coupled to the thick waU casing 1510. The inner casing 1535 may be fabricated 
from any number of conventional commercial^ available tubular members 
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modified in accordance with the teachings of the present disclosure. In a 
preferred embodiment*, the iimer ca3iiig 1535 comprises any one of the 
expandable tubular members described above with reference to Figs. 1-llf. 

In a preferred embodiment, the inner casing 1535 is coupled to the outer 
5 casing ISiZO by expanding at least a portion of the inner casing 1535 into 
contact with the interior surface of the thick wall casing 1510 using any one of 
the processes and apparatus described above with reference to Figs. Mlf. In 
an alternative preferred embodiment* the entire length of the overlap of the 
inner casing 1535 with the thick wall casing 1510 and intermediate casing 1530 
10 contacts the inner surfaces of the thick wall casing 1510 and intermediate 
casing 1530. The contact pressure of the interface between the inner casing 
1535 and the thick wall casing 1510 may range, for example from about 500 to 
lOyOOO psi. In a preferred embodiment, the contact pressure between the inner 
casing 1535 and the thick wall casing 1510 ranges from about 500 to 10,000 psi 
15 in order to optimally activate the pressure activated sealing members and to 
ensure that the joint will withstand typical extremes of tensile and compressive 
loads that are commonly experienced during drilling and production operations. 

As illustrated in Fig. 13, in a particularly preferred embodiment, the 
upper end of the inner casing 1535 includes one or more sealing members 1570 
20 that provide a gaseous and fluidic seal between the expanded end of the inner 
casing 1535 and the interior wail of the thick wall casing 1510. The sealing 
members 1570 may comprise any number of conventional commercially 
available seals such as, for example^ lead, plastic, rubbet. Teflon or epoxy, 
modifiedinacoordanoe with the teachings of the present disclosure. In a 
25 preferred embodiment, the sealing members 1570 comprise seals molded from 
StrataLock epoxy available from Halliburton Energy Services in order to 
optimally provide an hydraulic seal and a load bearing interference fit Ina 
preferred embodiment, the contact pressure of the interface between the 
expanded end of the inner casing 1535 and the thick wall casing 1510 ranges 
30 from about 500 to 10,000 psi in order to optimally activate the sealing members 
1570 and also to optimally ensure that the joint will withstand typical operating 
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extremes of tensile and compressive loads that are experienced during drilling 
and production operations. 

In an alternative embodiment, the inner casings, 1520, 1530 and 1535, 
may be coupled to a previously positioned tubular member that is in turn 
5 coupled to the outer casing 1510. More generally, the present preferred 
embodiments may be used to form a concentric arrangement of tubular 
members. 

Referring now to Figures 14a, 14b, 14c 14d, 14e and 14f, a preferred 
embodiment of a method and i^paratus for fanning a mono-diameter well 
10 casing within a subterranean formation will now be described. 

As illustrated in Fig. 14a, a weUbore 1600 is positioned in a subtoranean 
formation 1605. A first section of casing 1610 is formed in the wellbore 1600. 
The first section of casing 1610 includes an annular outer body of cement 1615 
and a tubular section of casing 1620. The first section of casing 1610 may be 
15 formed in the wdlbore 1600 using conventional methods and apparatus. In a 
preferred embodiment, the first section of casing 1610 is formed using one or 
more of the methods and ^iparatus described above with reference to Figs. 1-13 
or below with reference to Figs. 14b-17b. 

The annular body of cement 1615 may conqprise any number of 
20 conventional commercially available cement, or other load bearing, 
compositions. Alternatively, the body of cemrat 1615 may be omitted or 
replaced with an epoxy mixture. 

The tubular section of casing 1620 preferably includes an upper end 1625 
and a lower end 1630. Preferabfy, the lower end 1625 of the tubular section of 
25 casing 1620 includes an outer annular recess 1635 ext^ding firom the lower 
end 1630 of the tubular section of casing 1620. In this manner, the lower end 
1625 of the tubular section of casing 1620 includes a thin walled section 1640. 
In a preferred embodiment, an annular bo^y 1645 of a oompressible material is 
coupled to and at least partially positioned within the outer annnlnT recess 
30 1635. In this manner, the body of oonqxressible material 1645 surrounds 
least a portion of the tbin walled section 1640. 
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The tubular section of casing 1620 may be fabricated from any number of 
conventional commercially availably, materials such as, for example, oilfield 
country tubular goods, stainless steel, automotive grade steel, carbon steel, low 
alloy steel, fiberglass or plastics. In a preferred embodiment^ the tubular 
5 section of casing 1620 is fabricated from oilfield country tubular goods available 
from various foreign and domestic steel mills. The wall thickness of the thin 
walled section 1640 m^ range ttom about 0.125 to 1-5 inches. In a preferred 
embodiment, the wall thidaess of the thin walled section 1640 ranges from 
0.25 to 1.0 inches in order to optimal^ provide burst straigth for typical 
10 operational conditions while also minimizing resistance to radial expansion. 
The axial length of the thin walled section 1640 may range from about 120 to 
2400 inches. In a preferred embodiment, the axial length of the thin walled 
section 1640 ranges from about 240 to 480 inches. 

The annular bo<|y of compressible material 1645 helps to minimize the 
15 radial force required to expand the tubular casing 1620 in the overlap with the 
tubular member 1715» helps to create a fluidic seal in the overlap with the 
tubular member 1715, and helps to create an interference fit sufBdent to 
permit the tubular membo- 1715 to be supported by the tubular casing 1620. 
The annula r body of compressible material 1645 may comprise any number of 
20 commercially available compressible materials such as, for example, epoxy, 
rubber, Teflon, plastics or lead tubes. In a preferred embodiment, the ann nlay 
body of compressible material 1645 comprises StrataLock epaxy available from 
Halliburton EInergy Services in ord^ to optimally provide an hydraulic seal in 
the overl^ped joint while alao having compUanoe to thereby minimize the 
25 radial force required to expand the tubular casing. The wall thickness of the 
annular bo^y of compressible material 1645 may range from about 0.05 to 0.75 
inches. In a prefgred emhodf ment» the wall thidmese of the annular body of 
compressible material 1645 ranges from about 0.1 to 0.5 inches in order to 
optimally provide a large compressible zone, minimize the radial forces required 
30 to expand the tubular casing, provide thidmess for casing strings to provide 
contact with the inner surface of the wellbora upon radial expansion, and 
provide an hydraulic seal. 
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As illustrated in Fig. 14b, in order to extend the wellbore 1600 into the 
subterranean fonnation 1609, a^driU string is used in a well known manner to 
drill out material firom the subterranean fonnation 1605 to form a new wellbore 
section 1650. The diameter of the new section 1650 is preferably equal to or 
5 greater than the inner diameter of the tubular section of casing 1620. 

As illustrated in Pig, 14c, a preferred embodiment of an apparatus 1700 
for forming a mono-diameter wellbore casing in a siibterranean fonnation is 
then positioned in the new section 1650 of the wellbore 1600. The apparatus 
1700 preferably includes a support member 1705, an expandable mandrel or pig 
10 1710, a tubular member 1715, a shoe 1720, slips 1725, a fluid passage 1730. one 
or more fluid passages 1735, a fluid passage 1740, a first compressible annular 
body 1745, a second compressible annular body 1750, and a pressure chamber 
1755. 

The support member 1705 supports the apparatus 1700 within the 
15 wellbore 1600. The support membCT 1705 is coupled to the mandrel 1710, the 
tubular member 1715, the shoe 1720, and the slips 1725. The support member 
1075 preferably comprises a substantial]^ hollow tubular member. The fluid 
passage 1730 is positioned within the support member 1705* The fluid passages 
1735 fluididy couple the fluid passage 1730 with the pressure chambet 1755. 
20 The fluid passage 1740 fluididy couples the fluid passage 1730 with the region 
outside of the apparatus 1700. 

The support member 1 705 may be fabricated from any n umbo* of 
conventional commociaUy available materiab such as, for example, oilfield 
country tubular goods, stainless steel, low alloy steel, carbon steel, 13 chromium 
25 steel, fiberglass, or other high strength materials. In a preferred embodiment, 
the support member 1705 is fabricated from oilfield country tubular goods 
available from various foreign and domestic steel tnilln in order to optimally 
provide operational strength and fadliate the use of other standard oil 
exploration handling equipment In a preferred embodimrat, at least a portion 
30 of the support member 1705 comprises coiled tubing dr a drfll pipe. In a 
particularly preferred embodiment^ the support member 1705 includes a load 
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shoulder 1820 for supporting the mandrel 1710 when the pressure chamber 

1755 is unpressiirized. 

The mandrel 1710 is supported by and slidingbr coupled to the support 

member 1705 and the shoe 1720, The mandrel 1710 preferably includes an 
5 upper portion 1760 and a lower portion 1765. Preferably, the upper portion 

1760 of the mandrel 1710 and the support member 1705 together define the 
• pressure chamber 1755. Preferabljf, the lower portion 1765 of the mandrel 

1710 indudes an expansion member 1770 for radiaUy expanding the tubular 

member 1715. 

10 In a preferred ^nbodiment, the upper portion 1760 of the mandrel 1710 

indudes a tubular member 1775 having an inner diameter greater than an 
outer diameter of the support member 1705. In this manner, an annular 
pressure chamber 1755 is defined by and positioned between the tubular 
memb9 1775 and the support member 1705. The top 1780 of the tubular 

15 member 1775 preferably indudes a bearing and a seal for sealing and 

supporting the top 1 780 of the tubular member 1775 against the outer surface 
of the support member 1705, The bottom 1785 of the tubular member 1775 
preferably indudes a bearing and seal for sealing and supporting the bottom 
1785 of the tubular member 1775 against the outer surface of the support 

20 member 1705 or shoe 1720. In this manner, the mandrel 1710 moves in an 
axial direction upon the pressurization of the pressure chamber 1755. 

The lower portion 1765 of the mandrel 1710 preferably indudes an 
expansion member 1770 for ndiaUy expanding the tubular member 1715 
during the pressurizatioDofthe pressure chamber 1755. Inapreferred 

25 embodimgntr the grpanirimi mgmhgr la wpattHahi^ i« fii^ radial tBrPftiiin. In a 
prdiBrred embodiment^ the inner surfiaoe of the lower portion 1766 of the 
mandrel 1710 mates with and slides with respect to the outer surface of the 
shoe 1720. The outer diamets of the expansion member 1770 may range from 
about 90 to 100 % of the inner diameter of the tubular casing 1620. In a 

30 prefmed embodiment^ the outer diameter of the expansion member 1770 
ranges fi*om about.95 to 99 % of the inner diameter of the tubular casing 1620. 
The expansion member 1770 may be fabricated from any number of 
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coaventional commercially available materiab such aa, for aample, machine 
tool steel, ceramics, tungsten carbide, titanium or other hi^ strength aUoys. In 
a preferred embodiment, the expansion member 1770 is fabricated from D2 
machine tool steel in order to optimally provide hi^ strength and abrasion 
5 resistance. 

The tubular member 1715 is coupled to and supported by the support 
member 1705 and slips 1725. The tubular member 1715 includes an upper 
portion 1790 and a lower portion 1795. 

The upper portion 1790 of the tubular member 1715 preferably includes 
10 an inner annular recess 1800 that extends from the upper portion 1790 of the 
tubular member 1715. In this manner, at least a portion of the upper portion 
1790 of the tubular member 1715 includes a thin walled section 1805. The first 
compressible annular member 1745 is preferably coupled to and supported by 
the outer surface of the upper portion 1790 of the tubular member 1715 in 
15 opposing relation to the thin wall section 1805. 

The lower portion 1795 of the tubular member 1715 preferably indudes 
an outer annular recess 1810 that extends bom the lower portion 1790 of the 
tubular member 1715. In this manner, at least a portion of the lower portion 
1795 of the tubular membv 1715 indudes a thin walled section 1815. The 
20 second compressible annular member 1750 is coupled to and at least partially 
supported within the outer annular recess 1810 of the upper portion 1790 of the 
tubular member 1715 in opposing relation to the thin wall section 1815. 

The tubular member 1715 may be fabricated bom any niunber of 
conventional coounerctally available materials such as, for example, oilfield 
25 country tubular goods, stainless sted, low alloy steel, carbon steel, automotive 
grade steel, fiberglass, 13 chrome steel, othor hic^ strength material, or high 
strength plastics. In a preferred embodiment, the tubular member 1715 is 
fabricated frt>m oilfield country tubular goods available fit>m various foreign 
and domestic sted mills in ordo* to optimally provide operational strength. 
30 The shoe 1720 is supported fay and coupled to the support member 1705. 

The shoe 1720 preferably conqirises a substantially hollow tubular member. In 
a preferred embodiment, the wall thickness of the shoe 1720 is greater than the 
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wall thicknesa of the support member 1705 in order to optimaUy provide 
increased radial support to the inandrel 1710. The shoe 1720 may be fabricated 
from any number of conventional commerdaUy available materials such as, for 
example, oilfield country tubular goods» stainless steel, automotive grade steel, 
5 low alloy steel, carbon steel, or high strength plastics. In a preferred 
embodiment, the shoe 1720 is fabricated from oilfield country tubular goods 
available from various foreign and domestic sted mills in order to optimally 
provide matching opcirational strength throughout the i4>paratu8. 

The slips 1725 are coupled to and supported by the support member 

10 1705. The slips 1725 removabty support the tubular monber 1715. In this 
manner, during the radial expansion of the tubular member 1715, the slips 
1725 help to maint4iin the tubular member 1715 in a substantially stationary 
position by preventing upward movement of the tubular member 1715. 

The slips 1725 may comprise any nmnber of conventional commercially 

15 available slips such as, for example, RTTS packer tungsten carbide mechanical 
slips, RTTS packer vnck&r type mechanical slips, or Model 3L retrievable bridge 
plug tungsten carbide upper mechanical slips. In a preferred embodiment, the 
slips 1725 comprise RTTS packer tungsten carbide mechanical slips available 
from Hallibtirton Energy Services. In a preferred embodiment, the slips 1725 

20 are adapted to support axial forces ranging from about 0 to 750,000 Ibf. 

The fluid passage 1730 conweys fluidic materials firom a surface location 
into the interior of the support member 1705, the pressure diamber 1755, and 
the region exterior of the apparatus 1700« The fluid passage 1730 ia fludidy 
coupled to the pressure diamber 1755 by the fluid passages 1735. The fluid 

25 passage 1730 is fluidi^ coupled to the region exterior to the anwatus 1700 by 
the fluid passage 1740. 

In a preferred embodimmt, the fluid passage 1730 is adapted to convey 
fluidic materials such aa, for example, cement, qwzy, drilling muds, slag mix, 
water or drilling gasses. In a preferred embodiment, the fluid passage 1730 is 

30 ads|ited to convey fluidic noaterials at flow rate and pressures ranging from 
about 0 to 3,000 galloxis/minute and 0 to 9,000 psi. in order to optimally provide 
flow rates and operational pressures for the radial expansion processes. 
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The fluid passages 1735 convey fluidic material from the fluid passage 
1730 to the pressure chamber 1755, In a preferred embodiment, the fluid 
passage 1735 is adapted to convey fluidic materials such as, for example, 
cement, epozy, drilling muds, water or drilling gasses. In a preferred 
5 embodiment, the fluid passage 1735 is adapted to convey fluidic materials at 
flow rate and pressures ranging from about 0 to 500 gallons/minute and 0 to 
9,000 pai. in order to optimal^ provide operating pressures and flow rates for 
the various expansion processes. 

The fluid passage 1740 conveys fluidic materials from the fluid passage 
10 1730 to the region exterior to the apparatus 1700, In a preferred embodiment, 
the fluid passage 1740 is adapted to convey fluidic materials such as, for 
example, cement, epoxy, drilling muds, water or drilling gasses. In a preferred 
embodiment, the fluid passage 1740 is adapted to convey fluidic materials at 
flow rate and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 
15 9,000 psi. in order to optimal^ provide operating pressures and flow rates for 
the various radial expansion int>cesses. 

In a preferred embodiment^ the fluid passage 1740 is adapted to receive a 
plug or other similar device for sealing the fluid passage 1740. In this manner, 
the pressure chamber 1755 may be pressurized 
20 The first compressible annular body 1745 is coupled to and siq>ported fay 

an exterior surface of the upper portion 1790 of the tubular mraiber 1715. In a 
preferred embodiment, the first compressible anT^niAr body 1745 is positioned 
in opposing relation to the thin walled section 1805 of the tubular member 
1716. 

25 The first compressible annular body 1745 helps to minimize the radial 

force required to expand the tubular member 1715 in the overlap with the 
tubular casing 1620, helps to create a fluidic seal in the overlap with the tubular 
casing 1620, and helps to create an interference fit sufficient to permit the 
tubular member 1715 to be supported by the tubular casing 1620. The first 

30 compressible annular bo<^ 1745 may comprise any number of commercially 
available compressible materials such as, for example, epoxy, rubber, Teflon, 
plastics, or hollow lead tubes. In a preferred embodiment, the first 
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compressible aanular boc^y 1745 comprises StrataLock epoxy available from 
Halliburton Energy Services in order to optimally provide an hydraulic seal, 
and compressibility to minimize the radial expansion force. 

The wall thickness of the first compressible anniiinr body 1^745 may 
5 range from about 0.05 to 0.75 inches. In a preferred embodiment, the wall 
thickness of the first compressible annular body 1745 ranges from about 0.1 to 
0.5 inches in order to optimally (1) provide a large compressible zone, (2) 
minimiz e the required radial expansion force, (3) transfer the radial force to the 
tubular casings. As a result, in a preferred embodiment, overaU the outer 

10 diameta of the tubular member 1715 is approximately equal to the overall 
inner diameter of the tubular member 1620. 

The second compressible annular body 1750 is coufded to and at least 
partiaUy supported within the outer annular recess 1810 of the tubular member 
1715. In a preferred embodiment, the second compressible annular body 1750 

15 is positioned in opposing relation to the thin walled section 1815 of the tubular 
member 1715. 

The second compressible annular body 1750 helps to minimize the radial 
force required to expand the tubular membo- 1715 in the overlap with another 
tubular member, helps to create a fluidic seal in the overiap of the tubular 

20 member 1716 with another tubular member, and helps to create an interference 
fit sufficient to penmt another tubular member to be supported by the tubular 
member 1715. The second compressible annular body 1750 may comprise any 
numbtf of oommerciaUy available compressible materials such as, for example, 
epo]Qr, rubber, Teflon, plastics or hollow lead tubing. In a preferred 

25 embodiment, the first compressible ftfuinifty bodty 1750 comprises StrataLock 
epoxy available from Halliburton Enorgy Services in order to optimally provide 
an hydraulic seal in the overl^yped joint, and compressibility that minimizes 
the radial expansion force* 

The wall thirJmess of the second compressible ati n nl^^ r bo4y 1750 may 

30 range from about 0.05 to 0.75 inches. In a preferred embodiment, the wall 
thi c kness of the second compressible annular bo<fy 1750 ranges fit>m about 0.1 
to 0.5 inches in order to optimaUy provide a large compressible zone, and 
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minimize the radial force required to expand the tubular mMiber 1715 during 
subsequent radial expansioii operatipna. 

In an alternative embodiment^ the outside diameter of the second 
compressible annular body 1750 is adapted to provide a seal against the 
5 surrounding formation thereby eliminating the need for an outer annular body 
of cement 

The pressure chamber 1755 is fludidy coupled to the fluid passage 1730 
by the fluid passages 1735. The pressure chamber 1755 is preferably adapted to 
receive fluidic materials such as, for example, drilling muds, water or driUing 
10 gases. In a preferred embodiment, the pressure chamber 1755 is adapted to 
receive fluidic materials at flow rate and presstires ranging firom about 0 to 500 
gallons/minute and 0 to 9,000 psi. in order to optimally provide expansion 
pressure. In a preferred embodiment, diiringpressurization of the pressure 
chamber 1755, the operating pressure of the pressure diamb^ ranges from 
15 about 0 to 5,000 psi in order to optimally provide expansion pressure while 
minimizing the possibility of a catastrophic failure due to over pressurization. 

As iOustrated in Fig. 14d, the apparatus 1700 is preferably positioned in 
the weUbore 1600 with the tubular member 1715 positioned in an overlapping 
relationship with the tubular casing 1620. In a particularly preferred 
20 embodiment the thin wall sections, 1640 and 180S» of the tubular casing 1620 
and tubular member 1725 are positioned in opposing overlapping relation. In 
this manner, the radial expansion of the tubular member 1725 will compress 
the thin wall sections^ 1640 and 1805, and annular oompresaible members, 1645 
and 1745, into intimate contact 
25 After positioning of the apparatus 1700, a fluidic material 1825 is then 

pumped into the fluid passage 1730. The fluidic material 1825 may comprise 
any number of conventional commercial}y available materials such as, for 
example, water, drilling mud, drilling gases, cement or epo^. In a preferred 
embodiment the fluidic matwial 1825 comprises a hardenable fluidic sealing 
30 material such as, for example, cement in order to provide an outer annular body 
around the expanded tubular member 1715. 
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The fliiidic material 1825 may be pumped into the fluid passage 1730 at 
operating pressures and flow rates, for example, ranging from about 0 to 9,000 
psi and 0 to 3,000 gallonfl/minute. 

The fluidic material 1825 pumped into the fluid passage 1730 passes 
5 through the fluid passage 1740 and outside of the apparatus 1700. The fluidic 
material 1825 fills the annular r^on 1830 between the outside of the 
apparatus 17D0 and the interior walls of the wdlbore 1600. 

As illustrated in Fig; 14e, a plug 1835 is th» introduced into the fluid 
passage 1730. The plug 1835 lodges in the inlet to the fluid passage 1740 
10 fluididy isolating and blocking off* the fluid passage 1730. 

A fluidic material 1840 ia then pumped into the fluid passage 1730. The 
fluidic material 1840 may comprise any number of conventional commercially 
available materials such as, for example, wator, drilling mud or drilling gases. 
In a preferred embodimmt, the fluidic xhaterial 1825 comprises a non* 
15 hardenable fluidic material such as, for example, drilling mud or drilling gases 
in order to optimally provide pressurization of the pressure chamber 1755. 

The fluidic material 1840 may be pumped into the fluid passage 1730 at 
operating pressures and flow rates ranging, for example, from about 0 to 9,000 
psi and 0 to 500 gallonsAninute. In a preferred embodiment, the fluidic 
20 material 1840 is pumped into the fluid passage 1730 at operating pressures and 
flow rates ranging from about 500 to 5,000 psi and 0 to 500 gallons/minute in 
order to optimally provide operating pressures and flow rates for radial 
expansion* 

The fluidic material 1840 pumped into the fluid passage 1730 passes 
25 throui^ the fluid passages 1735 and into the pressure chamber 1755. 
Continued pumping of the fluidic material 1840 pressurizes the pressure 
chamber 1755. Thepressurizationof the pressure chaniber 1755 causes the 
mandrel 1710 to move relative to the support member 1705 in the direction 
indicated by the arrowa 1846. In this manner, the mandrel 1710 wiU cause the 
30 tubular memb» 1715 to expand in the radial direction. 

During the radial expansion process, the tubular member 1715 is 
prevented from moving in an upward direction by the slips 1725. A length of 
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the tubular member 1715 is then expanded in the radial direction through the 
pressurizatipn of the pressure chamber 1755. The length of the tubular 
memb^ 1715 that is expanded during the expansion process will be 
proportional to the stroke length of the mandrel 1710. Upon the completion of 
5 a stroke, the opmittng pressure of the pressure chambw 1755 is then reduced 
and the mandrel 1710 drops to it rest position with the tubular member 1715 
supported by the mandrel 1715. The position of the support mother 1705 may 
be adjusted ttirou^out theradial expansion process in mdet to tnmni^in the 
overlapping rdationship between the thin walled sections, 1640 and 1805, of 
10 the tubular casing 1620 and tubular member 1715. The stroking of the 

mandrel 17i0 is then repeated, as necessary, unttt the thin walled section 1805 
of the tubular member 1715 is expanded into the thin walled section 1640 of the 
tubular casing 1620. 

In a prefored embodiment, during the final stroke of the mandrel 1710, 
15 the slips 1725 are positioned as close as possible to the thin walled section 1805 
of the tubular member 1715 in order minimize slippage between the tubular 
member 1715 and tubular casing 1620 at the end of the radial expansion 
process. Alternatively, or in addition, the outside diameter of the first 
compressive annular member 1745 is selected to eosure sufficient interference 
20 fit with the tubular casing 1620 to prevent axial displaeement of the tubular 
member 1715 during the final stroke. Alternative^, or in addition, the outside 
diameter of the second compressive annular bo4y 1750 is large enough to 
provide an intorferaioe fit with the inside walla of the wellbore 1600 at an 
earlier point in the radial expansion process so aa to prevent further axial 
25 displacement of the tubular member 1715. In this final alternative, the 
interference fit is preferably selected to permit expansion of the tubular 
member 1715 by pulling the mandrel 1710 out of the wellbore 1600, without 
having to pressurize the pressure chamber 1755. 

During the radial expansion process, the pressurized areas of the 
30 apparatus 1700 are limited to the fluid passages 1730 within the support 
member 1705 and the pressure chamber 1755 within the mandrel 1710. No 
fluid pressure acts directly on the tubular member 1715. This permits the use 
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of operating pressures higher than the tubular member 1715 could normally 
withstand. 

Once the tubular member 1715 has been completely expanded off of the 
mandrd 1710, the support member 1705 and mandrd 1710 are removed from 
5 the wellbore 1600. In a preferred embodimenti the contact pressure between 
the deformed thin wall sections, 1640 and 1805, and compressible annular 
members, 1645 and 1745, ranges from about 400 to 10,000 psi in order to 
optimally support the tubular member 1715 using the tubular casing 1620. 

In this mannOT, the tubular member 1715 is radially expanded into 
10 contact with the tubular casing 1620 by pressurizing the interior of the fluid 
passage 1730 and the pressure chamber 1755. 

As iUustrated in Fig. 14f, in a preferred embodiment, once the tubular 
member 1715 is completely expanded in the radial direction by the mandrel 
1710, the support member 1705 and mandrel 1710 are removed bom the 
15 wellbore 1600. In a preferred embodiment, the anntdar bo4y of hardenable 
fluidic material is then allowed to cure to form a rigid outer onmilar body 1850. 
In the case where the tubular member 1715 is slotted, the hardraable fluidic 
material will preferably permeate and mvelop the expanded tubular member 
1715. 

20 The resulting new section of wellbore casing 1855 includes the expended 

tubular member 1715 and the rigid outer annular bo^y 1850. The overl^iping 
joint 1860 between the tubular casing 1620 and the expanded tubular member 
1715 indudea the deformed thin wall sections, 1640 and 1805, and the 
conqiressible annular bodies, 1645 and 1745. The inner diameter of the 

25 resulting combined vrallbore casings is substantially constant. In this manner, 
a moncMliameter wellbore casing is formed. This process of expanding 
overk4)ping tubular m^nbers having thin wall eaid portions with compressible 
annular bodies into contact can be repeated for the entire length of a wellbore. 
In this manner, a mono-diameter wellbore casing can be provided for thousands 

30 of feet in a subterranean formation. 

Referring now Co Figures 15, 15a and 15b, an embodiment of an 
apparatus 1900 for expanding a tubular member will be described. The 
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apparatus 1900 preferably includes a driUpipe 1905, an innenitriiig adapter 
1910, a sealing sleeve 1915, an inner sealing mandrel 1920, an upper sealing 
head 1925, a lower sealing head 1930, an outer sealing taandrel 1935, a load 
mandrel 1940, an exptoaion cone 1945, a mandrel launcher 1950, a mechanical 
5 slip body 1955, mechanical slips 1960, drag blocks 1965, casing 1970, and fluid 
passages 1975, 1980, 1986, and 1990, 

The drillpipe 1905 is coupled to the innerstring adapter 1910. During 
operation of the apparatus 1900, the driUpipe 1905 supports the apparatus 
1900. The drillinpe 1905 preferably comprises a substantially hollow tubular 
10 member or members. The driUpipe 1905 may be fabricated from any number of 
conventional commerdaUy available materials such as, for example, oilfield 
country tubular driUpipe, £a>erglass or coiled tubing. In a preferred 
embodiment, the driUpipe 1905 is fabricated from coUed tubing in order to 
fadliate the placement of the i4>paratus 1900 in non-vertical weUbores* The 
15 driUpipe 1905 may be coupled to the innerstring adapter 1910 using any 
number of conventional commerdaUy available mechanical couplings such as, 
for example, driUpipe connectors, OCTG specialty type box and pin connectors, 
a ratchet-latch type connector or a standard box by pin connector. In a 
preferred embodiment, the driUpipe 1905 is removably coupled to the 
20 innerstring adapter 1910 by a driUpipe connection. 

The driUpipe 1905 preferablly includes a fluid passage 1975 that is 
adapted to convey fluidic materials from a surface location into the fluid 
passage 1980. In a preferred embodiment, the fluid passage 1975 is adapted to 
convey fluidic materi als such as, for example, cement, drilling mud, epoxy or 
25 lubricants at oponting pressures and flow rates ranging from about 0 to 9,000 
pai and 0 to 3,000 gaUons/minute. 

The innerstring adapter 1910 is coupled to the driU string 1905 and the 
sealing sleeve 1915. The innerstring adapter 1910 preferab^ comprises a 
substantiaUy hoUow tubular member or members. The innerstring adapter 
30 1910 may be fabricated from any number of conventional commerdaUy 
available materials, such as, for example, ofl country tubular goods, low aUoy 
steel, carbon steel, stainless steel or other high strength materials. In a 
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preferred embodiment, the innerstring adapter 1910 is fabricated from oilfield 
country tubular goods in order to optimally provide mechanical properties that 
closely match those of the drill string 1905. 

The inn^string adapter 1910 may be coupled to the drill string 1905 
5 using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connectors, oilfield country tubular goods 
specialty type threaded connectors, ratchet-latch type stab in connector, or a 
standard threaded connection. In a prrferred embodiment, the innmtring 
adapter 1910 is removably coupled to the drill pipe 1905 by a drillpipe 
10 connection. The innerstring adapter 1910 may be coupled to the sealing sleeve 
1915 using any number of conventional commercially available mechanical 
couplingB such as, for example, drillpipe connection, oilfield country tubular 
goods specialty type threaded coimector, ratchet-latch type stab in connectors, 
or a standard threaded connection. In a preferred embodiment, the innerstring 

15 adapter 1910 is removably coupled to the sealing sleeve 1915 a standard 
threaded connection. 

The innerstring adapter 1910 preferably includes a fluid passage 1980 
that is adapted to convey fluidic materials fix>m the fluid passage 1975 into the 
fluid passage 1985. In a pref«red embodiment, the fluid passage 1980 ia 

20 adapted to convey fluidic matmals such as, for example, cement, drilling mud, 
epoxy, or lubricants at operating pressures and flow rates ranging from about 0 
to 9,000 pei and 0 to 3,000 gallona/kninute. 

The sealing sleeve 1915 ia coupled to the irmerstring ad^ter 1910 and 
the inner sealing mandrel 1920. The sealing sleeve 1915 preferably comprises a 

25 substantaally hollow tubular member or members. The sealing sleeve 1915 may 
be fabricated Scorn any number of conventional commercially available 
materials such as, for example, oilfield country tubular goods, carbon steel, low 
alloy sted, stainless steel or other high strength materials. In a preCnred 
embodiment, the sealing sleeve 1915 is fabricated bom oilfield country tubular 

30 goods in order to optimally provide mechanical properties that substantially 
match the remaining components of the apparatua 1900. 
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The sealing sleeve 1915 may be coupled to the innerstring adapter 1910 
using any number of conventional oonunerdally available mechanical couplings 
such aSj for example, drillpipe connectioa, oilfield countiy tubular goods . 
specialty type threaded connection, ratchet-latch type stab in connection, or a 
5 standard threaded connection. In a preferred embodiment, the sealing sleeve 
1915 is removably coupled to the innerstring adapter 1910 by a standard 
threaded connection. The sealing sleeve 1915 may be coupled to the inner 
sealing mandrel 1920 using any number of conventional conmi^ally available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
10 tubular goods specialty type threaded connection, or a standard threaded 
connection. In a preferred embodiment, the sealing sleeve 1915 is removably 
coupled to the inner sealing mandrel 1920 by a standard threaded connection. 

The sealing sleeve 1915 preferably includes a fluid passage 1985 that is 
adapted to conv^ fluidic materials fixim the fluid passage 1980 into the fluid 
15 passage 1990. In a preferred embodiment, the fluid passage 1985 is adapted to 
convey fluidic materials such as, for example, cement, drilling mud, epoxy or 
lubricants at operating pressures and flow rates ranging from about 0 to 9,000 
psi and 0 to 3,000 gallons/minute. 

The inn^ sealing mandrel 1920 is coupled to the sealing sleeve 1915 and 
20 the lower sealing head 1930. The inner sealing mandrel 1920 preferably 
comprises a substantaally hollow tubular member or members. The inner 
sealing mandrel 1920 may be fabricated firom any ntunber of conventional 
conunercially available materials such as, for example, oilfidd country tubular 
goods, stainless steel, low alloy steel, carbon steel or otha aimilar high strength 
25 materials. In a preferred embodiment, the innw sealing mandrel 1920 is 
fabricated from stainless sted in order to optimaUy provide mechanical 
properties similar to the other components of the apparatua 1900 while also 
providing a smooth outer surface to support seals and other moving parts that 
can operate with minimal wear, corrosion and pitting. 
30 The inner sealing mandrel 1920 may be coupled to the sealing sleeve 

1915 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular 
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goods specialty type threaded connection, or a standard threaded connection . 
In a preferred embodiment^ the inner sealing mandrel 1920 is ronovably 
coupled to the sealing sleeve 1915 by a standard threaded connections. The 
inner sealing mandrel 1920 may be coupled to the lower sealing head 1930 
5 using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield counlzy tubular goods 
spedaliy type threaded connection, ratchet-latch type stab in connectors or 
standard threaded connections. In a preferred embodiment, the inner sealing 
mandrel 1920 is removably coupled to the lower sealing head 1930 by a 

10 standard threaded connections connection. 

The inner sealing n&andrel 1920 preferably includes a fluid passage 1990 
that is adapted to convey fluidic materials from the fltiid passage 1985 into the 
fluid passage 1995. In a preferred embodiment, the fluid passage 1990 is 
adapted to convey fliudic materials such as, for example, conent, drilling mud, 

15 epozy or lubricants at operating pressures and flow rates ranging from about 0 
to 9,000 psi and 0 to 3,000 gallons/minute. 

The upper sealing head 1925 is coupled to the outer sealing mandrel 
1935 and the expansion cone 1945. The upper sealing head 1925 is also 
movably coupled to the outer surface of the inner sealing mandrel 1920 and the 

20 inner sur&ce of the casing 1970* In this manner, the ttppo* sealing head 1925, 
outer sealing mandrel 1935, and the eipanaion cone 1945 reciprocate in the 
axial direction. The radial clearance between the inner q^drical surface of 
the upp« sealing head 1925 and the outa surface of the inno: sealing mandrel 
1920 may rangiB, for enmpleb from about 0.025 to 0.05 inches. Inapreferred 

25 emhodimmti the radial clearance between the inner cylindrical surface of the 
upper sealing head 1925 and the outer surface of the inner sealing mandrel 
1920 ranges bom about 0.005 to 0.01 inches in order to optimal^ provide 
clearance for pressure seal placement The radial clearance between the outer 
cjiindrical surface of the nppa sealing head 1925 and the inner surface of the 

30 casing 1970 may range, for example, from about 0.025 to 0.375 inches. In a 
preferred embodiment, the radial clearance between the outer c^indrical 
surface of the upper sealing head 1925 and the inner surface of the casing 1970 
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ranges from about 0.025 to 0.125 inches in order to optimally provide 
stabilization for the expansion cone. 1945 as the ezpaasion cone 1946 is 
upwardly moved inside the casing 1970. 

The upper sealing head 1925 preferably comprises an annular member 
5 having substantially cylindrical inner and outCT surfaces. The upper sealing 
head 1925 may be fabricated from any number of conventional commerdaUy 
available materials such as, for example, oilfield countxy tubular goods, 
stainless steel, madiine tod steel, or stmilar high strength materials. Ina 
preferred embodiment, the upper sealing head 1925 is fabricated from stainless 
10 steel in order to optimaOy provide high strength and smooth outer surfaces that 
are resistant to wear, galling, corrosion and pitting. 

The inner surface of the upper sealing head 1925 preferably includes one 
or more annular sealing members 2000 for sealing the interface between the 
upper sealing head 1925 and the inner sealing mandrel 1920. The sealing 
15 members 2000 may comprise any number of conventional commercially 
available annular sealing members such as. for example, o-rings, polypak seals 
or metal spring energized seals. In a preferred embodiment, the sealing 
members 2000 comprise polypak seals available frtim Parker Seals in ordw to 
optimaUy provide sealing for a long axial motion. 
20 In a preferred embodimoit, the upper sealing head 1925 includes a 

shoulder 2005 for supporting the upper sealing head 1925 on the lower sealing 
head 1930. 

The upper sealing head 1925 may be coupled to the outer sealing 
mandrel 1935 using any number of conventional commerdaUy availabie 

25 mechanical couplings such as. for example, driUpipe connection, oilfield countiy 
tubular goods specialty type threaded connection, or a standard thr«aded 
connections. In a preferred embodimait, the upper sealing head 1925 is 
removably coupled to the outer sealing mandrd 1935 by a standard threaded 
connections. In a preferred onbodiment, the mechanical coupling betwem the 

30 upper sealing head 1925 and tiie outer sealing mandrel 1935 includes one or 
more sealing membos 2010 for fluidic|y sealing the mterface between the 
upper sealing head 1925 and the outer sealing mandrel 1935. The sealing 
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members 2010 may comprise any number of conventional commercially 
available sealing members such as, for example, o-rings, polypak seals or metal 
spring energized seals. In a preferred embodiment, the sealing members 2010 
comprise polypak seals available from Parker Seals in order to optimally 
5 provide sealing for a long axial stroking motion. 

The lower sealing head 1930 is coupled to the inner sealing mandrel 1920 
and the load mandrel 1940. The lower sealing head 1930 is also movably 
coupled to the inner surface of the outer sealing mandrel 1935- In this manner, 
the upper sealing head 1925 and outer sealing mandrel 1935 reciprocate in the 

10 axial direction. The radial clearance between the outer surface of the lower 
sealing head 1930 and the inner surface of the outer sealing mandrel 1935 may 
range, for example, from about 0.025 to 0.05 inches. In a preferred 
embodiment, the radial clearance between the outer siuf ace of the lower sealing 
head 1930 and the inner surface of the outer sealing mandrel 1935 ranges from 

15 about 0.005 to 0.010 inches in order to optimally provide a dose tolerance 
having room for the installation of pressure seal rings. 

The lower sealing head 1930 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaces. The lower sealing 
head 1930 may be fabricated from any number of conventional commercially 

20 available materials such as, for example, oilfield country tubular goods, 

stainless steel, machine tool steel or other similar high strength materials. In a 
preferred embodiment, the lower sealing head 1930 is fabricated from stainless 
steel in order to optimally provide hi^ strength and resistance to wear, galling, 
corrosion, and pitting. 

25 The outer sur&ce of the lower sealing head 1930 preferably includes one 

or more annular seaUng monbers 2015 for sealing the interface between the 
lower sealing head 1930 and the outer sealing mandrel 1935. The sealing 
members 2015 may comprise any number of conventional conunerdally 
available annular sealing members such as, for example, o-rings, polypak seals, 

30 or metal spring energized seals. In a preferred embodiment, the sealing 
members 2015 comprise polypak seals available from Parker Seals in order to 
optimally provide sealing for a long axial stroke. 

•100- 

SUBSTITUTE SHEET (RULE 26) 



wo 00/77431 



PCT/ILOO/00245 



The lower sealing head 1930 may be coupled to the inner sealing mandrel 
1920 using any number of cQnventional (X)mmerciaUy available mechanical 
couplings such as, for example, driUpipe connection, oilfield country tubular 
goods specialty type threaded connection, welding, amorphous bonding or a 
5 standard threaded connection. In a preferred embodimenti the lower sealing 
head 1930 is removably coupled to the inner sealing mandrel 1920 by a 
standard threaded connection. 

In a preferred embodiment, the mechanical coupling between the lower 
sealing head 1930 and the inner sealing mandrel 1920 includes one or more 
10 sealing members 2020 for fluididy sealing the interface between the lower 
sealing head 1930 and the inner sealing mandrel 1920. The sealing members 
2020 may comprise any number of conventional commercially available sealing 
members such as, for example, o-rings, polypak seals, or metal spring energized 
seals. In a preferred embodiment, the sealing members 2020 comprise polypak 
15 seals available from Parker Seals in order to optimally provide sealing for a long 
axial motion. 

The lower sealing head 1930 may be coupled to the load mandrel 1940 
using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield country tubular goods 

20 specialty type threaded connections, welding, amorphous bonding or a standard 
threaded connection* In a preferred embodiment, the lower sealing head 1930 
is removably coupled to the load mandrel 1940 by a standard threaded 
connection. In a preferred embodimenti the mechanical coupling between the 
lower sealing head 1930 and the load mandrel 1940 includes one or more 

25 sealing members 2025 for fluididy sealing the interface between the lower 
sealing head 1930 and the load mandrel 1940. The sealing members 2025 may 
comprise any number of conventional oommerdally available sealing members 
such as, for example, o*rings, polypak seals, or metal spring energized seals. In 
a preferred embodiment^ the sealing members 2025 comprise polypak seals 

30 available from Parker Seals in order to optimally provide sealing for a long axial 
stroke. 
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In a preferred embodiment, the lower sealing head 1930 includes a throat 
passage 2040 fluidicly coupled between the fluid passages 1990 and 1995. The 
throat passage 2040 is preferably of reduced size and is adapted to receive and 
engage with a plug 2045, or other similar device. In this manner, the fluid 
5 passage 1990 is fluidicly isolated iBrom the fluid passage 1995. In this manner, 
the pressure chamber 2030 is pressurized 

The outer sealing mandrel 1935 is coupled to the upper sealing head 
1925 and the expansion cone 1945. The outer sealing mandrel 1935 is also 
movably coupled to the inner surface of the casing 1970 and the outer surface of 
10 the lower sealing head 1930. In this manner, the upper sealing head 1925, 
outer sealing mandrel 1935, and the expansion cone 1945 reciprocate in the 
axial direction. The radial clearance between the outer surface of the outer 
sealing mandrel 1935 and the inner surface of the casing 1970 may range, for 
example, firom about 0.025 to 0.375 inches. In a preferred embodiment, the 
15 radial clearance between the outer surface of the outer sealing mandrel 1935 
and the inner surface of the casing 1970 ranges from about 0.025 to 0.125 
inches in order to optimally provide maximum piston surface area to maximize 
the radial expansion force. The radial clearance between the inner surface of 
the outer sealing mandrel 1935 and the outer surface of the lower sealing head 
20 1930 may range, for example, from about 0.025 to 0.05 inches. In a preferred 
embodiment, the radial clearance between the inner surface of the outer sealing 
mandrel 1935 and the outer surface of the lower sealing head 1930 ranges from 
about 0.005 to 0.010 inches in order to optimally provide a minimiitn ^ for the 
sealing el^ents to bridge and seaL 
25 The outer sealing mandrel 1935 preferably comprises an ant^niAr 

member having substantially cylindrical inner and outer surfaces. The outer 
sealing mandrel 1935 may be fSsbricated from any number of conventional 
commercial^ available materials such as, for example, low alloy sted, carbon 
steel, 13 chromium steel or stainless steel. In a preferred embodiment, the 
30 outer sealing mandrel 1935 is fabricated from stainleas steel in order to 

optimally provide maximum strength and mmify^ nTn wall thickness while also 
providing resistance to corrosion, galling and pitting. 
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The outer sealing mandrel 1936 may be coupled to the upper sealing 
head 1925 using any number of conyentional commercially available mechanical 
couplings such as, for example, drillptpe connection, oilfield country tubular 
goods specialty type threaded connection, standard threaded connections, or 
5 welding. In a preferred embodimoit, the outer sealing mandrel 1935 is 
removab^ coupled to the upper sealing head 1925 by a standard threaded 
connections connection. The outer sealing mandrel 1935 may be coupled to the 
expansion cone 1945 using any number of conventional commerdaUy available 
mechanical couplings such as, for example, driUpipe connection, oilfield countiy 
10 tubular goods specialty type tJireaded connection, or a standard threaded 
connections connection, or welding. In a preferred embodiment, the outer 
sealing mandrel 1935 ia removably coupled to the expansion cone 1945 by a 
standard threaded connections connection. 

The upper sealing head 1925, the lower sealing head 1930, the inner 
15 sealing mandrel 1920, and the outer sealing mandrel 1935 together define a 
pressure chamber 2030. The pressure chamber 2030 is fiuididy coupled to the 
passage 1990 via one or more passages 2035. During operation of the apparatus 
1900, the plug 2045 engages with the throat passage 2040 to fiuididy isolate the 
fluid passage 1990 firom the fluid passage 1995. The pressure chamber 2030 is 
20 then pressurized which in turn causes the uppw sealing head 1925, outer 
sealing mandrel 1935, and expansion cone 1945 to reciprocate in the axial 
direction. The axial motion of the expansion cone 1945 in turn expands the 
casing 1970 in the radial direction. 

TlM load mandrel 1940 ia coiqded to the lower sealing head 1930 and the 
25 mechanical slip bo4y 1955. The load mandrel 1940 preferably comprises an 
annular member having subatantiaQy cylindrical inner and outer surfaces. The 
load mandrd 1940 may be fiEdbricated fix>m any number of conventional 
oommerdalfy available matorials such as, for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless sted or other similar high strength 
30 materials. In a {referred embodiment, the load mandrel 1940 is fabricated finm 
oilfield countzy tubular goods in order to optimally provide high strength. 
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The load mandrel 1940 may be coupled to the lower sealing head 1930 
using any number of conventignal commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield countzy tubular goods 
specialty type threaded connection, welding, amorphous bonding or a standard 
5 threaded connection. In a preferred embodiment, the load mandrel 1940 is 
removab^ coupled to the lower sealing head 1930 by a standard threaded 
connection. The load mandrel 1940 may be coupled to the mechanical slip body 
1955 using any number of conventional oommerdally available mechanical 
couplings such as, for example, a drillpipe connection, oilfield oountiy tubular 
10 goods specialty type threaded connections, welding, amorphous bonding, or a 
standard threaded connections connection. In a preferred embodiment, the 
load mandrel 1940 is removably coupled to the mechanical slip body 1955 by a 
standard threaded connections connection. 

The load mandrel 1940 preferably includes a fluid passage 1995 that is 
15 adiq)ted to convey fluidic materials from the fluid passage 1990 to the region 
outside of the apparatus 1900. In a preferred embodiment, the fluid passage 
1995 is adapted to convey fluidic materials such as, for example, cement, epoxy, 
water, drilling mud, or lubricants at operating pressures and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 
20 The expansion cone 1945 is coupled to the outer sealing mandrel 1935. 

The expansion cone 1945 is also movably coupled to the inner surface of the 
casing 1970. In this manner, the upper sealing head 1925, outer sealing 
mandrel 1935, and the expansion cone 1945 reciprocate in the axial direction. 
The reciprocation of the expansion cone 1945 causes the casing 1970 to expand 
25 in the radial durection* 

The expansion cone 1945 prrferably comprises an annu^f^r member 
having substantiaUy cylindrical inner and conical outer surfaces. The outside 
radius of the outside conical surface may range, for examfde, firom about 2 to 34 
inches. In a prefevred embodiment, the outside radius of the outside conical 
30 surface ranges from about 3 to 28 inches in order to optimally provide cone 
dimensions for the.typical range of tubular members. 
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The axial length of the expansion cone 1945 may range, for example, 
firom about 2 to.8 tunes the largest outer diameter of the expansion cone 1945. 
In a preferred embodiment, the axial length of the exptbsion cone 1945 ranges 
from about 3 to 5 times the largest outer diameter of the expansion cone 1945 
5 in order to optimaUy provide BtabiUty and centralization of the expansion cone 
1945 during the expansion process. In a preferred embodiment, the angle of 
attack of the expansion cone 1945 ranges from about 5 to 30 degrees in order to 
optimaUy balance friction forces with the desired amount of radial expansion. 
The expansion cone 1945 angle of attack wiU vary as a function of the operating 
10 parameters of the particular expansion operation. 

The expansion cone 1945 may be fabricated from any number of 
conventional commerdaUy available materiab such as, for example, machine 
tool steel, co^cs, tungsten carbide, nitride steel, or other hi^ 
strength materials. In a prrferred embodiment, the expansion cone 1945 is 
15 fabricated from D2 machine tool steel in order to optimally provide high 
strmgth and resistance to corrosion, wear, galling, and pitting. In a 
particularly preferred embodiment, the outside surface of the expansion cone 

1945 has a surface hardness ranging from about 58 to 62 RockweU C in order to 
optimally provide hi^ strength and resist wear and galling. 

20 The expansion cone 1945 may be coupled to the outside sealing mandrel 

1936 using any number of conventional commercially available mechanical 
couplingB such as, for example^ drillpipe connection, oilfield tubular countiy 
goods specialty type threaded connection, welding, amorphous bonding, or a 
standard threaded connections connection. In a preferred embodiment, the 

25 expansion cone 1945 ia coupled to the outside sealing mandrd 1935 using a 
standard threaded connections connection in order to optimal^ provide 
connector strength for the typical operating loading conditiona while also 
permitting essy replacement of the expansion cone 1945. 

The mandrel launcher 1950 is coupled to the casing 1970. The mandrel 

30 launchor 1950 comprises a tubular section of casing having a reduced wall 
thickness compared to the casing 1970. In a preferred embodiment, the wall 
thickness of the mandrel launcher is about 50 to 100 % of the wall thickness of 
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the casing 1970. In this manner, the initiation of the radial expansion of the 
casing 1970 is fadliteted, and the insertion of the larger outside diameter 
mandrel launcher 1950 into the wellbore and/or casing is facilitated 

The mandrel launcher 1950 may be coupled to the casing 1970 using any 
5 number of conventional mechanical couplinga. The mandrel launcher 1950 may 
have a waU thickness ranging, for example, from about 0.15 to 1.6 inches. In a 
preferred embodiment, the wall thickness of the mandrel Uuncher 1960 ranges 
from about 0.26 to 0.75 inches in order to optimaUy provide high stnngth with 
a smaU overaU proffle. The mandrel launcher 1950 may be fabricated from any 
10 number of conventional cmnmerciaUy avaOable materials such as, for example, 
oil field tubular goods, low aUoy steel, carbon steel, stainless steel or other 
similar high strength materials. In a preferred embodiment, the mandrel 
launcher 1950 is fabricated from oO field tubuhu- goods of higher strength but 
lower wall thickness than the casing 1970 in order to optimaUy proVide a thin 
15 waUed container with approximately the same burst strength as the casing 
1970. 

The mechanical aUp body 1955 is coupled to the load mandrel 1970. the 
mechanical slips 1960, and the drag blocks 1965. The mechanical slip bo4y 
1955 pref(»^ly conq)rise8 a tubular member having an inner passage 2050 
20 fluidicly coupled to the passage 1996. In this manner, fluidic materials mi^ be 
conveyed from the passage 2050 to a region outside of the apparatus 1900. 

The mechanical slip body 1965 may be coupled to the load mandrel 1940 
using aiqr number of conTentional mechanical coupling. In a preferred 
embodinMnt, the mechanical slip body 1965 is removabfy coupled to the load 
26 mandrel 1940 using a standard threaded connection in order to optimaUy 
provide high strength and permit the mechanical slip body 1955 to be easily 
rephuxd. The mechanical slip hwfy 1966 may be coupled to the mechanical 
sUps 1955 using aqy number of conventional mechanical couplings. In a 
preferred embodiment, the mechanical slip body 1966 is removably coupled to 
30 the mechanical sUps 1955 using threads and stiding steel retainer rings in order 
to optimaUy provide high strength coupling and also permit easy replacement of 
the mechanical sUpa 1955. The mechanical sUp body 1955 may be coupled to 
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the drag blocks 1965 using any number of conventional mechanical couplings. 
In a preferred embodiment, the mechanical sUp body 1955 is removably coupled 
to the drag blocks 1965 using threaded connections and sliding steel retainer 
rings in order to optimally provide high strength and also permit easy 
5 replacementof the drag blocks 1965. 

The mechanical slips 1960 are coupled to the outside surface of the 
mechanical sUp body 1965. During operation of the apparatus 1900, the 
mechanical slips 1960 prevent upward movement of the casing 1970 and 
mandrel launcher 1950. In this manner, during the aadal reciprocation of the 
10 expansion cone 1945, the casing 1970 and mandrel launcher 1950 are 

maintained in a substantially stationaiy position. In this manner, the mandrel 
launcher 1950 and casing 1970 are expanded in the radial direction by the azial 
movement of the expansion cone 1945. 

The mechanical slips 1960 may comprise any number of conventional 
15 commerdaUy available mechanical slips such as, for example, RTTS padcer 
tungsten carbide mechanical slips, RTTS packer vvicker type mechanical slips or 
Model 3L retrievable bridge plug tungstoi carbide upper mechanical slips. In a 
preferred embodiment, the mechanical slq» 1960 comprise RTTS packw 
tungsten carbide mechanical slips acvailable from Halliburton Energy Services 
20 in order to optimally provide resistance to axial movemient of the casing 1970 
during the expansion process. 

The drag blocks 1965 are coupled to the outside surface of the 
mechanical slq> bo^y 1955. During operation of the apparatus 1900, the drag 
blocks 1965 prevent upward movement of the easing 1970 and mandrd 
25 launcher 1950. In this manner, during the axial redprocataon of the expansion 
cone 1945. the eaaing 1970 and mandrel launcher 1950 are maintained in a 
substantially stationaiy position. In this manner, the mandrel launcher 1950 
and casing 1970 are expanded in the radial direction hy the axial movemmt of 
the expansion cone 1945. 
30 The drag blocks 1965 may comprise any number of conventional 

commerdaUy available mechanical slips such as, for example, RTTS packer 
tungsten carbide mechanical slips, RTTS patter wicker type mechanical slips or 
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Model 3L retrievable bridge plug tungsten carbide upper mechanical slips. In a 
preferred embodiment, the drag blocks 1965 comprise RTTS packer tungsten 
carbide mechanical slips available from Halliburton Energy Services in order to 
optimally provide resistance to axial movement of the casing 1970.during the 
5 expansion process. 

The casing 1970 is coupled to the mandrel launcher 1950. The casing 
1970 is further removably coupled to the mechanical slips 1960 and drag blocks 
1965. The casing 1970 preferably comprises a tubtdar member. The casing 
1970 may be fabricated from any number of conventional commercially 

10 available materials such as, for example^ slotted tubulara, oil field country 
tubular goods, low alloy steel, carbon steel, stainless steel or other similar high 
strength materials. In a preferred embodiment, the caaing 1970 is fabricated 
from oilfield country tubular goods available &t>m various foreign and domestic 
steel mills in order to optimal^ provide hi^ strength. In a preferred 

15 embodiment, the upper end of the caaing 1970 indudes one or more sealing 
members positioned about the exterior of the casing 1970. 

During operation, the apparatus 1900 is positioned in a wellbore with the 
upper end of the casing 1970 positioned in an overlapping relationship within 
an existing wellbore casing. In order minimize surge pressures within the 

20 borehole during placement of the apparatus 1900, the fluid passage 1975 is 
preferably provided with one or more pressure relief passages. During the 
placement of the aiq»ratus 1900 in the wellbore, the casing 1970 is supported 
by the expansion cone 1945. 

After positioning of the apparatus 1900 within the bore hole in an 

25 overlamung relationship with an existing section of wellbore casing, a first 
fluidic m^^^H\ is piunped into the fluid passage 1975 fit>m a surface location. 
The first fluidic material is conveyed from the fluid passage 1975 to the fluid 
passages 1980, 1985, 1990, 1995, and 2050« The first fluidic material wiU then 
exit the apparatus and fill the annular region between the outside of the 

30 apparatus 1900 and the interior walls of the bore hole. 

The first fluidic mftt^ri**^ may comprise any number of conventional 
commercially available materials such as, for example, drilling mud, water, 
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epo^ or cement In a preferred embodiment, the first fluidie material 
comprises a hardenable auidic sealing material such as, for example, cement or 
epo^. In this manner, a wellbore casing having an outor annular layer of a 
hardenable material may be formed. 
5 The first fluidie material may be pumped into the apparatus 1900 at 

operating pressures and flow rates ranging, for example, from about 0 to 4,500 
psi, and 0 to 3,000 gallons/minute. In a preferred embodiment, the first fluidie 
material u pumped into the ^paratus 1900 at operating pressures and flow 
rates ranging from about 0 to 4,500 psi and 0 to 3,000 gallons/minute in order 
10 to optimally provide operating pressures and flow rates for typical operating 
conditions. 

At a predetermined point in the injection of the first fluidie material such 
aa, for example, after the annular region outside of the apparatua 1900 has been 
filled to a predetermined level, a plug 2045, dart, or other ^miltu- device is 
16 introduced into the first fluidie material. The plug 2045 lodges in the throat 
passage 2040 thereby fluididy isolating the fluid passage 1990 from the fluid 
passage 1995. 

After placement of the phtg 2045 in the throat passage 2040, asecond 
fluidie material is pumped into the fluid passage 1975 in order to pressurise the 

20 pressure chamber 2030. The second fluidie material may comprise any number 
of conventional commerdaUy available materials such as, for example, water, 
drilling gases, drilling mud or lubricant In a preferred embodiment, the second 
fluidie material oompriaea a non-hardenable fluidie matnial sudi as, for 
ezamfde, water, drilling mud or lubricant in order minimize frictional forces. 

25 The second fluidie matoial may be pun^)ed into the apparatus 1900 at 

operating iwessures and flow rates ranging, for exanQ>le, bom about 0 to 4,500 
psi and 0 to 4,500 gaUons/minute. In a prtferred embodiment, the second 
fluidie material is pumped into the apparatus 1900 at operating pressures and 
flow rates ranging from about 0 to 3,500 psi, and 0 to 1,200 gallons/minute in 

30 order to optimal^ provide expansion of the ta w i ng 1970. 

The pressurization of the pressure chamber 2030 causes the upper 
sealing head 1925, outer sealing mandrel 1935, and expansion cone 1945 to 
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move in an axial direction. As the expansion cone 1945 moves in the axial 
direction, the expansion cone 1945 pulls the mandrel launcher 1950 and drag 
blocks 1965 along, which sets the mechanical slips 1960 and stops further axial 
movement of the mandrel launcher 1950 and casing 1970. In this- manner, the 
5 axial movement of the expansion cone 1945 radially expands the mandrel 
launcher 1950 and casing 1970. 

Once the upper sealing head 1925, outer sealing mandrel 1935, and 
expansion cone 1945 complete an axial stroke, the operating pressure of the 
second fluidic matmal is reduced and the driO string 1905 is raised. This 
10 causes the inner sealing mandrel 1920, loww sealing head 1930, load mandrel 
1940, and mechanical slip bo^y 1955 to move upward. This unsets the 
mechanical slips 1960 and permits the mechanical slips 1960 and drag blocks 
1965 to be moved upward within the mandrel launcher and casing 1970. When 
the lower sealing head 1930 contacts the upper sealing head 1925, the second 
15 fluidic material is again pressurized and the radial expansion process continues. 
In this manner, the mandrel launch^ 1950 and casing 1970 are radial expanded 
through repeated axial strokes of the upper sealing head 1925, outer sealing 
mandrel 1935 and expansion cone 1945, Throughput the radial expansion 
process, the upper end of the casing 1970 is preferably maintained in an 
20 overlapping relation with an existing section of wellbore casing. 

At the end of the radial expansion process, the upper end of the casing 
1970 is expanded into intimate contact with the inside surface of the lower end 
of the existing wellbore casing. In a preferred embodiment, the sealing 
members provided at the upper end of the casing 1970 provide a fluidic seal 
25 between the outaide surface of the upper end of the casing 1970 and the inside 
surfaceof the lower end of the existing wellbore casing. Inapreferred 
embodiment, the contact pressure between the casing 1970 and the existing 
section of wdlbore casing ranges from about 400 to 10,000 psi in order to 
optimally provide contact pressure for activating sealing members, provide 
30 optimal resistance to axial movement of the expanded casing 1970, and 
optimally support typical trasile and compressive loads. 
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In a preferred embodiment, as the expansion cone 1945 nears the end of 
the casing 1970^ the operating flow rate of the second fluidic material is reduced 
in order to minimize shock to the apparatus 1900. In an alternative 
embodiment, the apparatus 1900 includes a shock absorber for absorbing the 
5 shock created by the completion of the radial expansion of the casing 1970. 

In a preferred embodiment, the reduced operating pressure of the second 
fluidic material ranges from about 100 to 1,000 psi as the expansion cone 1945 
nears the end of the casing 1970 in order to optimally provide reduced axial 
movement and velocity of the expansion cone 1946. In a preferred embodiment. 
10 the operating pressure of the second fluidic material is reduced during the 
return stroke of the apparatus 1900 to the range of about 0 to 500 psi in order 
minimiz e the resistance to the movement of the expansion cone 1945. In a 
preferred embodiment, the stroke length of the iqiparatus 1900 ranges frtan 
about 10 to 45 feet in order to optimally larovide equipment lengths that can be 
15 handled by typical oil well rigging equqnnent while also minitnjT^ ng the 
frequency at which the expansion cone 1945 must be stopped so the apparatus 
1900 can be re-stroked tor fiirtho- expansion opmtions. 

In an alternative embodimait, at least a portion of the upper sealing 
head 1925 indudes an expansion cone for radially expanding the mandrel 
20 launcher 1950 and casing 1970 during operation of the apparatus 1900 in order 
to increase the surface ai«a of the casing 1970 acted upon during the radial 
expansion process. In this manner, the operating pressures can be reduced. 

In an altemativs embodinient, medianical slips are positioned in an axial 
location betweoi the sealing sleeve 1915 and the inner sealing mandrel 1920 in 
25 order to simplify the operation and assembly of the apparatus 1900. 

Upon the complete radial expansion of the casing 1970, if applicable, the 
first fluidic material is permitted to cure within the annular region between the 
outside of the expanded casing 1970 and the interior walls of the wellbore. In 
the case where the expanded casing 1970 is slotted, the cured fluidic material 
30 will preferably permeate and envelop the expanded casing. In this manner, a 
new section of wellbore casing is formed within a wellbore. Alternatively, the 
apparatus 1900 mi^ be used to join a first section of pipeline to an existing 
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section of pipeline. Alternatively, the apparatus 1900 may be used to directly 
line the int^or of a wellbore with a casing, without the use of an outer annular 
layer of a hardenable material. Alternatively, the apparatus 1900 may be used 
to expand a tubular support member in a hole. 
5 During the radial expansion process, the pressurized areas of the 

apparatus 1900 are limited to the Huid passages 1975, 1980, 1985. and 1990, 
and the pressure chamber 2030, No fluid pressure acts directly on the mandrel 
launcher 1950 and casing 1970. This permits the use of operating pressures 
higher than the mandrel laundier 1950 and casing 1970 could normally 
10 withstand. 

Referring now to Figure 16, a inreferred embodiment of an apparatus 
2100 for forming a mono-diameter wellbore casing will be described. The 
apparatus 2100 preferably includes a drillpipe 2105, an innerstring adapter 
2110, a sealing sleeve 2115, an inner sealing mandrel 2120, slips 2125, upper 
15 sealing head 2130, lower sealing head 2135, outer sealing mandrel 2140, load 
mandrel 2145, expansion cone 2150, and casing 2155. 

The drillpipe 2105 is coupled to the innerstring adapter 2110. During 
operation of the apparatus 2100, the drillpipe 2105 supports the apparatus 
2100. The drillpipe 2105 preferably comprises a substantially hollow tubular 
20 member or membOT. The drillpipe 2105 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
country tubular goods, low alloy steel, carbon steel, stainless steel or other 
similar high strength material. In a prefmed embodimoit, the drillpipe 2105 is 
fabricated from coiled tubing in order to fadliate the placement of the 
25 apparatus 1900 in non-verticalweUbores. The drillpipe 2105 may be coupled to 
the innerstring adapter 2110 using any numbv of conveottional commercially 
available mechanical couplings such as, for example, drillpipe connection, 
oilfield countiy tubular goods specialty type threaded connection, ratchet*latch 
iTpe connection, or a standard threaded connection. In a preferred 
30 embodiment, the drillpipe 2105 is removably coupled to the innerstring adapter 
2110 by a drill pipe connection. 
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The drillpipe 2105 preferably includes a fluid passage 2160 that is 
ad^ted to convey fluidic materials from a surface location into the fluid 
passage 2165. In a preferred embodiment, the fluid passage 2160 is adapted to 
convqr fluidic materials such as» for exan4>le, cement^ epoxy, wat»; drilling 
5 mud or lubricants at operating pressures and flow rates ranging from about 0 to 
9,000 psi and 0 to 3,000 gallons/minute. 

The innerstring adapter 2110 is coupled to the drill string 2105 and the 
sealing sleeve 2115, The innerstring adapter 2110 preferably comprises a 
substantially hollow tubular member or mraibers. The innerstring adapter 
10 2110 may be fabricated from any number of conventional commerdaUy 
available materials such as, for example, oilfield country tubular goods, low 
alloy steel, carbon steel, stainless steel or other similar hi^ strength materials. 
In a preferred embodiment, the innerstring adapter 2110 is fabricated from 

stainless sted in order to optimally provide high stroigth, low friction, and 
15 resistance to corrosion and wear. 

The innerstring adapter 2110 may be coupled to the drill string 2105 
using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield countzy tubular goods 
spedaUgr type threaded connection, ratcheUatch type connection or a standard 

20 thr e ad ed connection. In a preferred embodiment, the innerstring adapter 2110 
is removab^ coupled to the drill pipe 2105 by a drillpipe connection. The 
innerstring adapter.2110 m^ be coupled to the sealing sleeve 2115 using any 
number of conventional commerdaUy available mechanical couplings such as, 
for example, drillpipe connection, oilfield countiy tubular goods specialty type 

25 threaded omnection, ratcfaet*Iatch type threaded connection, or a standard 
threaded connection. In a pr efer red embodiment, the innerstring adapter 2110 
is removably coupled to the sealing sleeve 2115 by a standard threaded 
connection. 

The innerstring adapter 2110 preferabfy includes a fluid passage 2165 
30 that is adapted to convey fluidic materials from the fluid passage 2160 into the 
fluid passage 2170. In a preferred embodiment, the fluid passage 2165 is 
adapted to convey fluidic materials such as, for example, cement, epoxy, water 
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drilling muda, or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 psi and 0 to. 3,Q00 gallona/minute. 

The sealing sleeve 2115 is coupled to the innerstring adapter 2110 and 
the inner sealing mandrel 2120, The sealing sleeve 2115 preferably comprises a 
5 substantiaUy hollow tubular member or members. The sealing sleeve 2115 may 
be fabricated from any number of oonventional commercially available 
materials such as, for example, oil field tubular goods, low alloy steel, carbon 
sted.8tainle88 8ted or other similar high strength materials. Inapreferred 
embodiment, the sealing sleeve 2115 is fabricated bom stainless steel in order 
10 to optimaUy provide high strength, low friction surfiscea, and resistance to 
corrosion, wear, galling, and pitting 

The sealing sleeve 2115 may be coupled to the iimerstring adapter 2110 
using any number of conventional commercially available mechanical couplings 
such as. for example, a standard threaded connection, oilfield country tubular 
15 goods specialty type threaded connections, welding, amorphous bonding, or a 
standard threaded connection* In a preferred embodiment, the sealing sleeve 
2115 is removabh)r coupled to the innerstring adapter 2110 by a standard 
threaded connection. The sealing sleeve 2115 may be coupled to the inner 
sealing mandrel 2120 using any number of oonventional commercialty available 
20 mechanical couplings such as. for example, a standard threaded connection, 
oilfield country tubular goods spedaltgr type threaded connections, welding, 
amorphous bonding, or a standard threaded connection. Inapreferred 
embodiment, the sealing sleeve 21 15 is rmovab^ coupled to the inner sealing 
mandrel 2120 fay a standard threaded connection. 
25 The sealing sleeve 2115 preferab^ indudea a fluid passage 2170 that is 
adapted to oonv^ fluidic materials from the fluid passage 2165 into the fluid 
passage2175. In a preferred embodimmt, the fluid paaaage 2170 is adapted to 
convey fluidic materials such as, for example, cement, epoxy, water, drilling 
mud, or lubricanta at operating pressures and flow rates ranging from about 0 
30 to 9.000 psi and 0 to 3.000 gallons/minute. 

The inner sealing mandrel 2120 is coupled to the sealing sleeve 21 15. 
slips 2125, and the lower sealing head 2135. The inner sealing mandrel 2120 
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preferably comprises a substantially boUow tubular member or members. The 
inner sealing mandrel. 2120 may beiSabricated from any number of conventional 
commerdaily available materials such as. for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar-high strength 
5 materials. In a preferred embodiment, the inner sealing mandrel 2120 is 
fabricated from stainless steel in order to optimally provide high strength, low 
friction surfaces, and corrosion and wear resistance. 

The inner sealing mandrel 2120 may be coupled to the sealing sleeve 
2115 using any number of conventional conmiercially available mechanical 
10 couplings such as, for example, driUpipe connection, oilfield country tubular 
goods specialty type threaded connection, or a standard threaded connection. 
In a preferred embodiment, the inner sealing mandrel 2120 is removably 
coupled to the sealing sleeve 2115 by a standard threaded connection. The 
standard threaded connection provides hif^ strength and permits easy 
15 replacement of components. The inner sealing mandrel 2120 may be coupled to 
the slips 2125 using any number of conventional commerdaQy available 
mechanical couplings such as, for example, welding, amorphous bonding, or a 
standard threaded connection. In a preferred embodiment, the inner sealing 
mandrel 2120 is removably coupled to the slips 2125 by a standard threaded 
20 connection. The inno: sealing mandrel 2120 may be coupled to the lower 
sealing head 2135 using any number of conventional commerciaUy available 
mechanical coupling? such aa, for example, drUlpipe connection, oilfield country 
tubular goods spedalty type threaded connection, welding, amorphous bonding 
or a standard threaded connection. In a preferred embodiment, the inner 
25 sealing mandrd 2120 is removably coupled to the lower sealing head 2135 by a 
standard threaded connection. 

The inner sealing mandrel 2120 preferab^ includes a fluid passage 2175 
that is adapted to convey fluidic materials from the fluid passage 2170 into the 
fluid passage 2180. In a preferred embodiment, the fluid passage 2175 is 
30 adiq>ted to convey fluidic materials such aa, for example, conent, epoj^, water, 
drilluig mud or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

' 115 • 

SUBSTITUTE SHEET (RULE 26) 



wo 00^77431 



PCT/ILOO/00245 



The slips 2125 are coupled to the outer surface of the inner sealing 
mandrel 2120. During operation of the apparatus 2100» the slips 2125 
preferably m aint^iin the casing 2155 in a substantiaUy stationazy position 
during the radial expansion of the casing 2155. In a preferred embodiment, the 
5 slips 2125 are activated using the fluid passages 2185 to conv^ pressurized 
fluid material into the slips 2125. 

The slips 2125 n^y comprise any number of cominercial|y available 
hydraulic slips such as, for exan^le, RTTS packer tungsten carbide hydraulic 
slips or Model 3L retrievable bridge plug hydraulic slips. In a preferred 
10 embodiment, the slips 2125 comprise RTTS packer tungsten carbide hydraulic 
slips available from Halliburton Energy Services in order to optimally provide 
resistance to axial movement of the casing 2155 during the expansion process* 
In a particulaiiy preferred embodiment, the slips include a fluid passage 2190, 
pressure chamber 2195, spring return 2200, and slip m^nber 2205. 
15 The slips 2125 may be coupled to the inner sealing mandrel 2120 using 

any number of conventional medianical couplings. In a preferred embodiment, 
the slips 2125 are removably coupled to the outar surface of the inner sealing 
mandrel 2120 by a thread connection in order to optimally provide 
interchangeability of parts. 
20 The upper sealing head 2130 is coupled to the out^ sealing mandrel 

2140 and expansion cone 2150. The upper sealing head 2130 is also movab^y 
coupled to the outer surface of the inner sealing mandrel 2120 and the innv 
surfiEioe of the casing 2156. In this manner, the upper sealing head 2130 
redprocatee in the axial direction. The radial clearance between the inner 
25 G^iindrical aurfim of the upper sealing head 2130 and the outer surfi9b^ 
innor sealing mandrd 2120 may range, for example, from about 0.025 to 0.05 
inches. In a preferred emhodiment, the radial clearance between the inner 
cylindrical suriTaoe of the upper sealing head 2130 and the outer surface of the 
inner sealing mandrel 2120 ranges from about 0.005 to 0.010 inches in orda to 
30 optimally provide a pressure seaL The radial clearance between the outer 
grlindrical surface of tdhe upper sealing head 2130 and the inner surface of the 
casing 2155 may range, for example, from about 0.025 to 0.375 inches. In a 
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preferred embodiment, the radial clearance between the outer cylindrical 
surface of the upper sealing head 2130 and the inner surface of the casing 2155 
ranges from about 0.025 to 0.125 inches in order to optunally provide 
stabilixation for the expansion cone 2130 during axial movement of the 
5 expansion cone 2130. 

The upper sealing head 2130 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaced. The upper sealing 
head 2130 may be fabricated from any number of conventional commerciaUy 
available materials such as. for example, low alloy steel, carbon steel, stainless 
10 steel or other similar high strength materials. In a preferred embodiment, the 
upper sealing head 2130 is fabricated from stainless steel in order to optimally 
provide high strength, corrosion resistance, and low friction surfaces. The 
inner surface of the upper sealing head 2130 preferably includes one or more 
annular sealing members 2210 for sealing the interlace between the upper 
15 sealing head 2130 and the inner sealing mandrel 2120. The sealing members 
2210 may comprise any number of conventional commercially available annular 
sealing members such as. for example, o-rings, potypak seab, or metal spring 
energized seals. In a prefored embodiment, the sealing members 2210 
comprise polypak seals available from Parker Seals in order to optimaUy 
20 provide sealing for a long axial stroke. 

In a preferred embodimoit, the upper sealing head 2130 includes a 
shoulder 2215 for supportang the upper sealing head 2130 on the lower sealing 
head 2135. 

The upper sealing head 2130 may be coupled to the outer sealing 
25 mandrel 2140 using any number of conventional commercially available 

mechanical couplings such aa, for example, driUinpe connection, oilfield country 
tubular goods specialty threaded connection, welding, amorphous bonding or a 
standard threaded connection. In a preferred onbodiment, the upper sealing 
head 2130 is removably coupled to the outer sealing mandrel 2140 by a 
30 standard threaded connection. In a preferred embodiment, the mechanical 
coupling between the upper sealing head 2130 and the outer sealing mandrel 
2140 includes one or more sealing members 2220 for fluididy sealing the 
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interface between the upper sealing head 2130 and the outer sealing mandrel 
2140. Thesealingniember8 2220niaycomproeany number of oonv^ 
commerdaUy available sealing members such as, for examine, o-ringB« polypak 
seals, or metal spring energized seals. In a preferred embodiment^ the sealing 
5 menibers 2220 conqirise polypak seals available from Parker Seab 
optimally provide sealing for a long axial stroke. 

The lower sealing head 2135 is coupled to the inner sealing mandrel 2120 
and the load mandrel 2145. The lower sealing head 2135 ia also movably 
coupled to the ixmer surface of the outer sealing noandrel 2140. In this manner, 

10 the upper sealing head 2130, outer sealing mandrel 2140, and expansion cone 
2150 reciprocate in the axial direction. The radial clearance between the outer 
surface of the lower sealing head 2135 and the inner surface of the outer sealing 
mandrel 2140 may range, for example, from about 0.0025 to 0.05 inches. In a 
preferred embodiment, the radial clearance between the outer surface of the 

15 lower seaUng head 2135 and the inner surface of the outer sealing mandrel 2140 
ranges from about 0.0025 to 0.05 inches in order to optimaUy provide minimal 
radial clearance. 

The lower sealing head 2135 prrferably comprises an annular member 
having substantially cylindrical inner and out^ surfaces. The lower sealing 

20 head 2135 may be fabricated from any number of conventional commercially 
available materials such as, for examine, oilfield country tubular goods, low 
alloy steel, carbon steel, stainless sted or other similar hi|^ strength materials. 
In apreferred embodimant, the lower sealing head 2135 ia fabricated from 
stainless sted in order to optimal^ provide high strength, corrosion resistance, 

25 and low friction aorfaoea. Tlieoutersurfaoeof the lower aealing head 2135 
preferably includes one or more annwigr sealing members 2225 for sealing the 
interface between the lower sealing head 2135 and the outer aealing mandrel 
2140. The sealing membera 2225 may comprise any number of conventional 
commercially available annular sealing members such aa, for example, o-rings, 

30 polypak seals or metal spring energized seals. In a preferred embodiment, the 
sealing mexaben 222S comprise polypak seals available fit>m Parkor Seals in 
order to optimally provide sealing for a long axial stroke. 
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The lower sealing bead 2135 nuiy be coupled to the inner sealing mandrel 
2120 using any number of conventional commercially available mechanical 
couplings such as, for example. driUpipe connection, oilfield countiy tubular 
goods specialty type threaded connection, welding, amorphous bonding, or a 
5 standard threaded connection. In a preferred embodiment, the lower sealing 
head 2135 is removably coupled to the innar sealing mandrel 2120 by a 
standard threaded connection. In a preferred embodiment, the mechanical 
coupling between the lower sealing head 2135 and the inner sealing mandrel 
2120 includes one or more sealing members 2230 for fluididy sealing the 
10 interface between the lower sealing head 2135 and the inner sealing mandrel 
2120. The sealing members 2230 may comprise any number of conventional 
commerdaUy available sealing members such as, for example, o-rings. polypak 
seals, or metal spring energized seals. In a fnrefecred embodiment, the sealing 
members 2230 comprise polypak seals available from Parker Seals in order to 
15 optimally provide sealing for a long axial stroke. 

The lower sealing head 2135 may be coupled to the load mandrel 2145 
using any number of conventional commerdaUy available mechanical couplings 
sudi as, for example, drillpipe connection, oilfield country tubular goods 
specialty threaded connection, welding, anMrphous bonding, or a standard 
20 threaded connection. In a preferred embodiment, the lower sealing head 2135 
is removab^ coupled to the load mandrel 2145 by a standard threaded 
connection. In a fveferred embodiment, the mechanical coupling between the 
lower sealing head 2135 and the load mandrel 2145 mdudes one or mor« 
sealing members 2236 for fhiidicly sealing the interface between the lower 
25 sealing head 1930 and the load mandrel 2145. The sealing members 2235 may 
comprise any number of conventional commotaally available sealing membm 
such as. for example, o-rine^ polypak seals, or metal spring energized seals. In 
a preferred embodiment, the sealing members 2235 comprise polypak seals 
available from Parker Seala in order to optimally provide sealing for a long axial 
30 stroke. 

In a preferred onbodiment, the lower sealing head 2135 includes a throat 
passage 2240 fluididy coupled between the fluid passages 2175 and 2180. The 
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throat passage 2240 is preferably of reduced size and is adapted to receive and 
engage with a plug 2245, or other sipiilar device. In this manner, the fluid 
passage 2175 is Quididy isolated from the fluid passage 2180. In this manner, 
the pressure chamber 2250 is pressurized. 

6 The outer sealing mandrel 2140 is coupled to the upper sealing head 

2130 and the expansion cone 2150. The outer sealing mandrel 2140 is also 
movably coupled to the inner surface of the casing 2155 and the outer sui&ce of 
the lower sealing head 2136. In this manner, the upper sealing head 2130. 
outer sealing mandrel 2140. and the expansion oone 2150 reciprocate in the 
10 axial direction. The radial clearance between the outer surface of the outer 
sealing mandrel 2140 and the inner surface of the casing 2155 m^ range, for 

example, from aboutO.026 to 0.375 inches. In apreferred embodiment, the ' 
radial clearance between the outer surface of the outer sealing mandrel 2140 
and the inner surface of the casing 2155 ranges from about 0.025 to 0.125 

15 inches in order to optimally provide stabilization for the expansion cone 2130 
during the expansion process. The radial clearance between the inner surface 
of the outer sealing mandrel 2140 and the outer surface of the lower sealing 
head 2135 may range, for example, from about 0.005 to 0.125 inches. In a 
preferred embodiment, the radial clearance between the inner surface of the 

20 outer sealing mandrel 2140 and the outer surface of the lower sealing head 2135 
ranges from about 0.005 to 0.010 inches in order to optima% provide minimal 
radial clearance. 

The outer sealing mandrel 2140 preferably comprises an annular 
member having substantia% qylindrical inner and outer surfaces. The outer 
25 sealingmandrel2140maybcfia>ricatedfromanynumberof conventional 
commercially available materials such as. for example, oiUield country tubular 
goods, low aUqy steel, carbon steel, stainless steel, or other similar high 
strength materials. In a preferred embodiment, the outer sealing mandrel 2140 
is fabricated from stainless steel in order to optimally provide high strength, 
30 corrosion resistance, and low friction sur&ces. 

The outer sealing mandrel 2140 may be coupled to the upper sealing 
head 2130 using any number of conventional commerdaUy avaUable mechanical 
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couplingB such as, for example, drillpipe connection, oilfield country tubular 
goods specialty threaded conneqtion, welding, amorphous bonding or a standard 
threaded connection. In a preferred embodiment, the outer sealing mandrel 
2140 is removably coupled to the upper sealing head 2130 by a standard 
6 threaded connection. The outer sealing mandrel 2140 may be coupled to the 
expansion cone 2150 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty tiireaded connection, welding, amorphous bonding; or a 
standard threaded connection. In a preferred embodiment^ the outer sealing 
10 mandrel 2140 is removably coupled to the expansion cone 2150 by a standard 
threaded connection. 

The uppar sealing head 2130, the lower sealing head 2135, inner sealing 
mandrel 2120, and the outer sealing mandrel 2140 tc^ther define a pressure 
chamber 2250. The pressure chamber 2250 is fluidic^ coupled to the passage 
15 2175 via one or more passages 2255. During operation ofthe apparatus 2100, 
the plug 2245 engages with the throat passage 2240 to fluidicly isolate the fluid 
passage 2175 from the fluid passage 2180. The pressure chamber 2250 is then 
pressurized which in turn causes the upper sealing head 2130, outer sealing 
mandrel 2140, and expansion cone 2150 to reciprocate in the axial direction. 
20 The axial motion of the expansion cone 2150 in turn expands the casing 2155 in 
the radial direction. 

The load maadrd 2145 is coupled to the lower sealing head 2135. The 
load mandrd 2145 preferably compiiBes an annt^i ^y member having 
substantial^ <7lindrical inner and outer surfaces. The load mandrel 2145 may 
25 be fabricated from any number of conventional commercially available 

materials such as, for example, oilfield country tubular goods, low alloy steel, 
carbon steel, stainless steel or other similar hig^ strength materials. In a 
preferred embodiment, the load mandrel 2145 is fabricated from stainless steel 
in order to optimaUy provide hi^ strength, corrosion resistance, and low 
30 friction bearing surfaces. 

The load mandrel 2145 may be coupled to the lower sealing head 2135 
using any number of conventional commerdaUly available mechanical couplings 
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3uch as, for example, drillpipe connectioQ, oilfield countay tubular goods 
specialty threaded connectioii, welding, amorphous bonding or a standard 
threaded connection. In a preferred embodiment, the load mandrel 2145 is 
removably coupled to the lower sealing head 2135 by a standard threaded 
5 connection in order to optimally provide hi^ strength and permit easy 
replacement of the load mandrel 2145. 

The load mandrel 2145 preferably inchides a fluid passage 2180 that is 
adapted to convey fluidic materials firom the fluid passage 2180 to the region 
outside of the apparatus 2100. In a preferred embodiment, the fluid passage 
10 2180 is adapted to convey fluidic materials such as, for examine, cement, epoxy, 
water, drilling mud, or lubricants at operating pressures and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The expansion cone 2150 is coupled to the outer sealing mandrel 2140. 
The expansion cone 2150 is also movably coupled to the inner surface of the 
15 casing 2155. In this manner, the upper sealing head 2130, outer sealing 
mandrel 2140, and the expansion cone 2150 reciprocate in the axial direction. 
The reciprocation of the expansion cone 2150 causes the casing 2165 to expand 
in the radial direction. 

The expansion cone 2150 preferably comprises an annMlar member 
20 having substantially cylindrical inner and conical outer surfaces. The outside 
radius of the outside conical surface may range^ for example, from about 2 to 34 
inches. In a preferred embodiment, the outside radius of the outaide conical 
surface ranges from about 3 to 28 inches in ordo* to optimally provide cone 
dimensions that are optimal for typical caaingB. The axial length of the 
25 expansion cone 2150 may range, for example, from ahant g to fi tifnoQ f h*^ 
largest outside diameter of the expansion cone 2150. In a preferred 
embodiment, the axial length of the expansion cone 2150 ranges from about 3 
to 5 times the largest outside diameter of the expansion cone 2150 in order to 
optimaUy provide stability and centralization of the expansion cone 2150 during 
30 the expansion process. In a particularly preferred embodiment, the 

outside diameter of the expansion cone 2150 is between about 90 to 100 % of 
the inside diameter of the existing wellbore that the casing 2155 will be joined 
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with. In a preferred embodiment, the angle of attack of the expansion cone 
2150 ranges from about 5 to 30 di^rees in order to optimally balance friction 
forces and radial expansion forces. The optimal expansion cone 2150 angle of 
attack wiU vary as a function of the particular operating conditions of the 
5 expansion operation. 

The expansion cone 2150 may be fabricated from any number of 
conventional commerdaUy available materials such as, for example, machine 
tool steel, nitride steel, titanium, tungsten carbide, ceramics, or other similar 
high strength materials. In a preferred embodiment, the expansion cone 2150 
10 is fabricated from D2 machine tool steel in order to optimaUy provide high 
strength and resistance to wear and galling. In a particularly preferred 
embodiment, the outside surface of the expansion cone 2150 has a surface 
hardness ranging tcom about 58 to 62 RockweU C in order to optimaUy provide 
resistance to wear. 

15 The expansion cone 2150 may be coupled to the outside sealing mandrel 

2140 using any number of conventional commeraally available mechanical 
couplings such as. for example, drillpipe connection, oilfield country tubular 
goods specialty type threaded connection, welding, amorphous bonding or a 
standard threaded connection. In a preferred embodiment, the expansion cone 
20 2150 is coupled to the outside sealing mandrel 2140 using a standard threaded 
connection in order to optimally provide high strength and permit the 
expansion cone 215D to be easily replaced. 

The casing 2155 is removably coupled to the slips 2125 and expansion 
cone 2150. The casing 2155 preferably comprises a tubular member. The 
25 casing 2156 HMiy be fabricated from any number of conventional oonunerdaUy 
available materials such as, for example, slotted tubuhirs. oilfield country 
tubular goods, low alloy steel, carbon steel, stainless steel or other similar high 
strength material. In a preferred embodiment, the casing 2156 is fabricated 
from oilfield country tubular goods available from various foreign and domestic 
30 steel mills in order to optimally provide high strength. 

In a preferred embodiment, the upper end 2260 of the casing 2155 
includes a thin wall section 2265 and an outer Minu hr sealing member 2270. 
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In a preferred embodiment, the wall thickness of the thin wall section 2265 is 
about 50 to 100 .% of the regular, wall thickn^ of the casing 2155. In this 
manner, the upper end 2260 of the casing 2155 may be easfly expanded and 
deformed into intimate contact with the lower end of an existing section of 
5 wellbore casing. In a preferred embodiment, the lower end of the existing 
section of casing also includes a thin waU section. In this manner, the radial 
expansion of the thin walled section 2265 of casing 2155* into the thin walled 
section of the existing wellbore casing results in a wellbore casing having a 
substantially constant inside diameter. 

10 The annular sealing member 2270 may be fabricated from any number of 

conventional commercially available sealing materials such as, for example, 
epo:^, rubber, metal or plastic. In a preferred embodiment, the annular sealing 

member 2270 is fabricated from StrataLock epoxy in order to optimaUy provide 
compressibiliiy and resistance to wear. The outside diameter of the annular 
15 sealing member 2270 preferably ranges from about 70 to 95 % of the inside 
diameter of the lower section of the wellbore casing that the casing 2155 is 
joined to. In this manner, after expansion, the annular sealing member 2270 
preferably provides a fluidic seal and also preferably provides sufficient 
fiictional force with the inside surface of the existing section of wellbore casing 
20 during the radial expansion of the casing 2155 to support the casing 2155. 
In a preferred embodimoit, the lower end 2275 of the casing 2155 
includes a thin wall«ection 2280 and an outer annular sealing member 2285. 
In a preferred embodiment, the wall thidmess of the thin wall section 2280 is 
about50tol00%oftheregularwaUthickne8softhecasing2155. Inthis 
25 manner, the lower end 2275 of the casing 2165 may be eaaity expanded and 
deformed. Furthexmore, in this manner, an other seetion of casing may be 
easilbr joined with the lower end 2275 of the casing 2155 using a radial 
expansion process. In a prefored embodim»t, the upper end of the other 
section of casing also includes a thin wall seetion. In this manner, the radial 
30 expansion of the thin waUed section of the upper end of the other casing into 
the thin walled section 2280 of the lower end of the casing 2155 results in a 
wellbore casing having a substantially constant inside diameter. 
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The annular sealing member 2285 may be fabricated from any number of 
conventional conunerdally ayailable.sealing materials such as, for example, 
epo^, rubber, metal or plastic. In a preferred embodiment, the annular sealing 
member 2285 is fabricated from StrataLock epoxy in order to optimally provide 
5 compressibility and wear resistance. The outside diameter of the annular 
sealing member 2285 preferably ranges from about 70 to 95 % of the inside 
diameter of the lower section of the existing wellbore casing that the casing 
2155 is joined to. In this manner, the annular sealing membo- 2285 preferably 
provides a fluidic seal and also preferably provides sufBdent frictional force 
10 with the inside wall of the wellbore during the radial expansion of the casing 
2155 to support the casing 2155. 

During operation, the apparatus 2100 is preferably positioned in a 
wellbore with the upper end 2260 of the casing 2155 positioned in an 

overi^pingrelatioDship with the lower end of an eodsting wellbore casmg. In a 
15 particularly preferred embodimoit, the thin wall section 2265 of the casing 
2155 is positioned in opposing ovoiapping relation with the thin wall section 
and outer annular sealing member of the lower end of the existing section of 
wellbore casing. In this manner, the radial expansion of the casing 2155 wiU 
compress the thin wall sections and annular compressiUe members of the upper 
20 end 2260 of the casing 2155 and the lower end of the eadsting wellbore casing 
into intimate contact During the positioning of the apparatus 2100 in the 
wellbore, the casing 2155 is suiqiorted by the expansion cone 2150. 

After positioning of the apparatus 2100, a first fluidic material is then 
pumped into the fluid passage 2160. The first fluidic material may comprise 
25 aiqr number of convmtional commercially available materials such as, for 

example, drilling mud. water, epoxy, or cemoit In a preferred embodiment, the 
first fluidic material comprises a hardenable fluidic sealing material such as, for 
example, cement or epoxy in order to provide a hardenable outer annular body 
around the expanded casing 2155. 
30 The first fluidic material may be pumped into the fluid passage 2160 at 

operating pressures and flow rates ranging, for example, from about 0 to 4,500 
pai and 0 to 3,000 gallona/nunute. In a prefored embodiment, the first fluidic 
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material is pumped into the fluid passage 2160 at operating pressures and flow 
rates ranging from about 0 to 3,500 psi and 0 to 1,200 gaUons/minute in order 
to optimally provide operational efficiency. 

The Grst fluidic material pumped into the fluid passage 2160 passes 
5 through the fluid passages 2165, 2170, 2175, 2180 and then outside of the 
apparatus 2100. The first fluidic material then filla the annular region between 
the outside of the apparatus 2100 and the intmor walbof the wellbore. 

The plug 2245 is then introduced into the fluid passage 2160. The plug 
2245 lodges in the throat passage 2240 and fluidity isolates and blocks off the 
10 fluid passage 2175. In a preferred embodiment, a couple of volumes of anon- 
hardenable fluidic material are then pumped into the fluid passage 2160 in 
order to remove any hardenable fluidic material contained within and to ensure 
that none of the fluid passages are blocked. 

A second fluidic material is then pumped into the fluid passage 2160. 
15 The second fluidic material may comprise any number of conventional 
commerciaUy available materials such as, for example, drilling mud. water, 
drilling gases, or lubricants. In a preferred embodiment, the second fluidic 
material comprises a non-hardenable fluidic material such as, for example, 
water, drilling mud or lubricant in order to optimally provide pressurization of 
20 the pressure chamber 2250 and minimize frictional forces. 

The second fluidic material may be pumped into the fluid passage 2160 at 
operating pressures and flow rates ranging, for example, from about 0 to 4,500 
psi and 0 to 4,500 gaUona/minute. In a prrferred embodiment, the second 
fluidic material is pumped into the fluid passage 2160 at operating pressures 

25 and flow rates ranging from about 0 to 3,500 pai and 0 to 1,200 gallons/minute 

in order to optimally provide operational efllciency. 

The second fluidic material pumped into the fluid passage 2160 passes 

through the fluid passages 2165, 2170, and 2175 into the pressure diambers 

2195 of the slips 2125, and into the pressure chamber 2250. Continued 
30 pumping of the second fluidic material pressurizes th^ pressure chambers 2195 

and 2250. 
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The pressurization of the pressure chambers 2195 causes the slip 
members 2205 ^ expand in the radial direction and grip the interior surface of 
the casing 2156. The casing 2155 is then preferably maintained in a 
substantiaUy stationaxy position. 
5 The pressurization of the pressure chamber 2250 causes the uppo- 

sealing head 2130. outer sealing mandrel 2140 and expansion cone 2150 to 
move in an axial direction relative to the casing 2155. In this manner, the 
expansion cone 2160 will cause the casing 2155 to expand in the radial 
direction. 

10 During the radial expansion process, the casing 2155 is prevented from 

moving in an upward direction by the sUps 2125. A length of the casing 2155 is 
then expanded in the radial direction through the pressurization of the pressure 
chamber 2250. The length of the casing 2155 that is expanded during the 
expansion process will be proportional to the stroke length of the upper sealing 
15 head 2130, outer sealing mandrel 2140, and expansion cone 2160. 

Upon the completion of a stroke, the operating pressure of the second 
auidic material ia reduced and the upper sealing head 2130, outer sealing 
mandrel 2140, and expansion cone 2150 drop to their rest positions with tiie 
casing 2155 supported by the expansion cone 2150. The position of the drillpipe 
20 2105 is preferably acyusted tiiroughout tiie radial expansion process in order to 
maintain tiie overiapping relationship between tiie tiiin waUed sections of tiie 
lower end of tiie existing wellbore casing and the upper end of tiie casing 2155. 
In a prefecied embodiment, tiie stroking of tiie expansion cone 2150 is tiien 
repeated, aa neceasaiy, until tiie tiiin walled section 2265 of tiie upper end 2260 
25 of the casing 2155 is expanded into tiie tiiin walled section of tiie lower end of 
tiie easting wellboro casing. In tiiis manner, a wellbore casing is formed 
including two adjacent sections of casing having a substantiaUy constant inside 
diameter. This process may tiien be repeated for tiie entirely of tiie weUbore to 
provide a weUbore casing thousands of feet in length having a substantiaUy 
30 constant inside diameter. 

In a preferred onbodiment, during tiie final stroke of tiie expansion cone 
2150, the sUps 2125 are positioned as close as possible to the thin walled section 
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2265 of the upp^ end of the casing 2155 in order minimize slippage between 
the casing 2165 and the existing wellbore casing at the end of the radial 
expansion process. Alternatively, or in addition, the outside diameter of the 
annular sealing mmber 2270 is selected to ensure sufficient interference fit 
5 with the inside diameter of the lower end of the existing casing to prevent axial 
displacement of the casing 2155 during the final stroke. Alternatively, or in 
addition, the outaide diameter of the annular sealing member 2285 ia selected 
to provide an interference fit with the inside walla of the wellbore at an earlier 
point in the radial expiemsion process so as to prevent further axial dispbu^nent 
10 of the casing 2155. In this final alternative, the interference fit is preferably 
selected to permit expansion of the casing 2155 by pulling the expansion cone 
2150 out of the wellbore, without having to pressurize the pressure chamber 
2250. 

During the radial expansion process, the pressurized areas of the 
15 apparatus 2100 are limited to the fluid passages 2160, 2165, 2170, and 2175, the 
pressure chambers 2195 within the slips 2125, and the pressure chamber 2250. 
No fluid pressure acts directly on the casing 2155. Thia permits the use of 
operating pressures higher than the casing 2155 could normally withstand. 

Once the casing 2155 has been completely expanded off of the expansion 
20 cone 2150, remaining portions of the apparatus 2100 are removed fi^om the 
wellbore. In a preferred embodimrat, the contact pressure between the 
deformed thin wall sections and compressible annular members of the lower 
end of the exiating casing and the uppo* end 2260 of the casing 2155 ranges 
firom about 500 to 40,000 pai in order to optimally auiqport the casing 2155 
25 using the existing wdlbore casing. 

In this manner, the casing 2155 ia radiaUy expanded into contact with an 
existing section of casing by pressurizing the intorior fluid passages 2160, 2165, 
2170, and 2175 and the pressure chamber 2250 of the apparatus 2100. 

In a preferred enibodiment» as required, the annular bocl(y of hanknable 
30 fluidic matift ri a l ia then allowed to cure to form a rigid outer nnnnlar body about 
the expanded casing 2155. In the case where the casing 2155 is slotted, the 
cured fluidic material preferably permeates and envelops the expanded casing 
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2155. The resulting new section of wellbore casing includes the expanded 
casing 2155 and the rigid outer annular body. The overlapping joint between 
the pre-existing wellbore casing and the expanded casilig 2155 includes the 
deformed thin wall sections and the compressible outer annular bodies. The 
5 inner diameter of the resulting combined wellbore casings is substantially 
constant In this manner, a mono-diameter wellbore casing is formed. This 
process of expanding overlsqiping tubular members having thin wall end 
portions with compressible annular bodies into contact can be repeated for the 
entire length of a wellbore. In this manner, a mono-diameter wellbore casing 
10 can be provided for thousands of feet in a subtoranean formation. 

In a preferred embodiment, as the expansion cone 2150 neara the upper 
end of the casing 2155, the operating flow rate of the second fluidic material is 
reduced in order to niinimize shock to the apparatus 2100. In an alternative 
embodiment, the apparatus 2100 includes a shock absorber for absorbing the 
15 shock created by the completion of the radial expansion of the casing 2155. 

In a preferred embodiment, the reduced operating pressure of the second 
fluidic material ranges from about 100 to 1,000 psi as the expansion cone 2130 
nears the end of the casing 2155 in ordor to optimal^ provide reduced axial 
movement and velodiy of the expansion cone 2130, In a preferred embodiment, 
20 the operating pressure of the second fluidic material is reduced during the 
return stroke of the apparatus 2100 to the range of about 0 to 500 psi in order 
minimis e the resistance to the movemrat of the expansion cone 2130 during the 
return stroke. In a fveferred embodiment, the stroke length of the apparatus 
2100 ranges from about 10 to 45 feet in ordor to optimally provide equipment 
25 lengths that can be handled by conventional oil well rigging equipment while 
also minimizing the frequency at whidi the expansion cone 2130 must be 
stopped so that the apparatus 2100 can be re-stroked. 

In an alternative embodiment, at least a portion of the upper sealing 
head 2130 includes an expansion cone for radially expanding the casing 2155 
30 during operation of the apparatus 2100 in order to increase the surface area of 
the casing 2155 acted lipon during the radial expanaion process. In this 
manner, the operating pressures can be reduced. 
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Alternatively, the ^paratus 2100 may be used to join a first sectioa of 
pipeline to an existing section of pipeline. Alternatively, the apparatus 2100 
may be used to directly line the interior of a wellbore with a casing, without the 
use of an outer annular layer of a hardenable material. Alternatively, the 
5 apparatus 2100 may be used to expand a tubular support member in a hole. 

Referring now to Figures 17, 17a and 17b, another embodiment of an 
apparatus 2300 for expanding a tubulsr member will be'desoibed. The 
apparatus 2300 preferabfy included a drillpipe 2305, an innerstring adapter 
2310, a sealing sleeve 2315, a l^ydrauUc slip bo4y 2320, hydraulic sUpe 2325, an 

10 inner sealing mandrel 2330, an upper sealing head 2335, a lower sealing head 
2340, a load mandrel 2345, an outer sealing mandrel 2350, an expansion cone 
2355, a mechanical slip body 2360, mechanical slips 2365, drag blocks 2370, 
casing 2375, fluid passages 2380, 2385, 2390, 2395. 2400, 2405, 2410, 2415, and 
2485, and mandrel launcher 2480. 

15 The drillpipe 2305 is coupled to the innerstring adapter 2310. During 

operation of the apparatus 2300, the drillpipe 2305 supports the apparatus 
2300. The drillpipe 2305 prrferably comprises a substantially hoUow tubular 
member or members. The drillpipe 2305 may be fabricated from any number of 
conventional commercially available materials such as, for sample, oilfield 

20 country tubular goods, low alloy steel, carbon steel, stainless steel or other 
similar high strength materials. In a preferred embodiment, the driUpipe 2305 
is fabricated fi^m coiled tubing in order to faciliate the placemrat of the 
apparatus 2300 in non-vertical weUbores. The drillpipe 2305 may be coupled to 
the innerstring adapter 2310 using any number of conventional commercially 

25 available mechanical coupIingB such as, for exan^le, drillpipe connection, 
oilfield country tubular goods specialty threaded connection, or a standard 
threaded connection. In a prefer r e d qnbodiment, the drillpipe 2305 is 
removably coupled to the uuierstring adapter 2310 by a drillpipe connection. 
The drillpipe 2305 preferably includes a fluid passage 2380 that is 

30 adapted to convey fluidic materials from a surface location into the fluid 

passage 2385. In a preferred embodiment, the fluid passage 2380 is adapted to 
convey fluidic materials such as, for example, cement, water, epoxy, drilling 
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muds, or lubricants at operating pressures and flow rates ranging from about 0 
to 9,000 pai and 0 to 5^000 gallonsAninute in order to optimally provide 
operational efficiency. 

The innerstring adapter 2310 is coupled to the drill string 3305 and the 
5 sealing sleeve 2316. The innerstring adapter 2310 preferably comprises a 
substantially hoUow tubular member or members. The innerstring adapter 
2310 may be fabricated from any number of conventional commerdally 
available materials such as, for example, oilfield countzy tubular goods, low 
alloy steel, carbon steel, stainless steel or other similar high strength materials. 
10 In a preferred embodiment, the innerstring adapter 2310 is fabricated from 
stainless steel in order to optimally provide high strength, corrosion resistance, 
and low friction surfaces. 

The innerstring ad^ter 2310 may be coupled to the drill string 2305 
using any number of conventional commerdally available medianical couplings 
15 such as, for example, drillpipe connection, oilfield country tubular goods 
specialty threaded connection, or a standard threaded connection. In a 
preferred embodiment* the innerstring ad^ter 2310 is removably coupled to 
the drill iHpe 2305 by a drillpipe connection. The innerstring adapter 2310 may 
be coupled to the aealing aleeve 2315 using any number of conventional 
20 commercially available mechanical coupUngs such as, for example, a driUpipe 
connection, oilfield country tubular goods specialty threaded connection, or a 
standard threaded connection. In a preferred embodiment, the innerstring 
adaptm 2310 is removably coupled to the sealing sleeve 2315 by a standard 
threaded connectioo. 
25 The innostaring adapter 2310 prrferably includes a fluid passage 2385 

that is adi^ted to convey fluidic materials from the fluid passage 2380 into the 
fluid passage 2390. In a preferred embodiment* the fluid passage 2385 is 
adapted to convey fluidic materials such as, for example, cement* epoi^, water, 
drilling mud, drilling gases or lubricants at operating pressures and flow rates 
30 ranging from about 0 to 9,000 pd and 0 to 3,000 gallonaMiinute. 

The sealing sleeve 2315 is coupled to the innerstring adapter 2310 and 
the hydraulic sUp body 2320. The sealing sleeve 2315 preferably comprises a 
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substantially hollow tubular member or members. The sealing sleeve 2315 may 
be fabricated from any number of conventional commercially available 
materials such as, for example, oilfield couintry tubular goods, low alloy steel, 
carbon sted, stainless steel or other similar high strength materials. In a 
5 preferred embodiment, the sealing sleeve 2315 ia fabricated from stainless steel 
in order to optimaUy provide high strength, corrosion resistance, and low- 
friction surfaces. 

The sealing sleeve 2315 may be coupled to the innerstring adapter 2310 
using any number of conventional commerciaUy available mechanical couplings 

10 such as, for example, driUpipe connections, oilfield oountiy tubular goods 
specialty threaded connections, or a standard threaded connection* In a 
preferred embodiment, the sealing sleeve 2315 is removably coupled to the 
innerstring adiyter 2310 by a standard threaded connection. The sealing sleeve 
2315 may be coupled to the hydraulic slip body 2320 using any number of 

15 conventional commercially available medianical couplings such as, for example, 
driUpipe connection, oilfield country tubular goods spedalty threaded 
connection, or a standard threaded connection. In a preferred embodiment, the 
sealing sleeve 2315 is removabty coupled to the hydraulic slip body 2320 by a 
standard threaded connection. 

20 The sealing sleeve 2315 preferabfy includes a fluid passage 2390 that is 

adapted to convey fluidic materials bom the fluid passage 2385 into the fluid 
passage 2395. In a preferred embodiment, the fluid passage 2315 is adapted to 
convey fluidic matffriala such as, for example, oementk Qxixy, water, drilling 
mud or lubricants at operatmg pressurea and flow rates ranging from about 0 to 

25 9,000 pd and 0 to 3,000 gallonflAninute. 

The hydraulic slip bo^y 2320 is coupled to the sealing sleeve 2315, the 
hydraulic slips 2325, and the inner sealing mandrd 2330. The hydraulic slip 
bodty 2320 preferably comprises a substantially hoUow tubular member or 
members. The hydrauUc slip bo47 2320 m«y be fabricated from aiiy number of 

30 conventional commerciaUy available materials such as, for eocample, oilfield 
country tubular goods, low alloy steel, carbon steel, stainless steel or other high 
strength material. In a preferred embodiment, the hydraulic slip body 2320 ia 
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fabricated from carbon steel in order to optimally provide hi^ strength at low 
coat 

The hydraulic slip body 2320 may be coupled to the sealing sleeve 2315 
using any number of conventional commerciaUy available mechanical couplings 
5 such as, for example, drillpipe connection, oilfield country tubular goods 
specialty threaded connection, or a standard threaded connection. In a 
preferred embodiment, the hydraulic slip bo4y 2320 is removably coupled to the 
sealing sleeve 2315 by a standard threaded connection. The hydrauUc slip body 
2320 may be coupled to the slips 2325 using any number of conventional 
10 commercially available mechanical couplings such as, for example, drillpipe 
connection, oilfield country tubular goods specialty threaded connection, 
welding, amorphous bonding or a standard threaded connection. In a preferred 
embodiment, the hydraulic slip body 2320 is removably coupled to the slips 
2325 by a standard threaded connection. The hydraulic slip bocty 2320 may be 
15 coupled to the iimer sealing mandrel 2330 using any nxunber of conventional 
commercially available mechanical couplings such as, for example, drillpipe 
connection, oilfield coimtry tubular goods specialty threaded connection, 
welding, amorphous bonding or a standard threaded connection. In a preferred 
embodiment^ the hydraulic slip body 2320 is removabty coupled to the inner 
20 sealing mandrel 2330 by a standard threaded connection. 

The hydraulic slips body 2320 preterabfy includes a fluid passage 2395 
that is adapted to convey fluidic materials from the fluid passage 2390 into the 
fluid passage 2405. In a prrferred embodiment^ the fluid passage 2395 is 
adi^ted to convey fluidic m a t e ri als such aa, for example, cement, epaxy, water, 
25 drilling mud or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 pai and 0 to 3,000 gallonsAninute. 

The hydraulic slips boc|y 2320 preferabty includes fluid passage 2400 that 
are adapted to convoy fluidic materials fit)m the fluid passage 2395 into the 
pressure chambers 2420 of the hydraulic slips 2325. In this manner, the slips 
30 2325 are activated upon the pressurizatton of the fluid passage 2395 into 
contact with the inside surface of the casing 2375. In a preferred embodiment, 
the fluid passages 2400 are adapted to convey fluidic materials such as, for 
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example, water, drilling mud or lubricaats at operating pressures and flow rates 
ranging from about 0 to 9,000 pd and 0 to 3,000 gallona/biinute. 

The slips 2325 are coupled to the outside surface of the hydraulic slip 
body 2320. During operation of the apparatus 2300, the slips 2325 are activated 
5 upon the pressurization of the fluid passage 2395 into contact with the inside 
surface of the casing 2375. In this manner, the sUps 2325 maintain the casing 
2375 in a substantially stationary position. 

The slips 2325 preferably include the fluid passages 2400, the pressure 
chambers 2420, spring bias 2425, and slip members 2430. The sUps 2325 may 
10 comprise any number of convrational commercially available hydraulic slips 
such as, for example. RTTS packer tungsten carbide hydraulic slips or Model 3L 
retrievable bridge plug with hydraulic slips. In a prefored embodiment, the 
slips 2325 comprise RTTS packer tungsten carbide hydraulic slips available 
from Halliburton Energy Services in order to optimally provide resistance to 
15 axial movement of the casing 2375 during the radial expansion process. 

The inner sealing mandrel 2330 ia coupled to the hydraulic sUp bo^y 
2320 and the lower sealing head 2340, The inner sealing mandrel 2330 
preferably comprises a substantially hollow tubular memJber or members. The 
inner sealing mandrel 2330 maj be fabricated from any numb v of conventional 
20 commerdaUy available materials such as, for exan^jle, oilfield country tubular 
goods, low alloy steel, carbon steel, stamless steel or other similar high strength 
materials. In a pitferred embodiment, the inner sealing mandrel 2330 ia 
fabricated from stamlesa steel in order to optimaUy provide high strength, 
corrosion reeistanoe, and low friction surfaces. 
25 The mner sealing mandrd 2330 may be coupled to the hydraulic slip 

bodbr 2320 using any number of conventional commerciaUy available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubulsr 
goods specialty threaded connection, welding, amorphous bonding, or a 
standard threaded connection. In a preferred embodim^t, the inner sealing 
30 mandrel 2330 is removably coupled to the hydraulic slip body 2320 by a 

standard threaded connection. The inner sealing mandrel 2330 may be coupled 
to the lower sealing head 2340 using any number of conventional commerdaUy 
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available mechanical couplings such as. for example. driUpipe connection, 
oilfield counby tubular goods specialty threaded connection, welding, 
amorphous bonding, or a standard threaded connection. In a preferred 
embodiment, the inner sealing mandrel 2830 is removably coupled to the lower 
5 sealing head 2340 by a standard threaded connection. 

The inner sealing mandrel 2330 preferably includes a Quid passage 2406 
that is adapted to convqr fluidic materials from the fluid passage 2395 into the 
fluid passage 2415. In a preferred embodiment, the fluid passage 2405 is 
adapted to convey fluidic materials such as. for example, cement, epoxy. water. 
10 drilling mud, or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The upper sealing head 2335 is coupled to the outer sealing mandrel 
2346 and expansion cone 2355. The upper sealing head 2335 is also movably 
coupled to the outer surface of the inner sealing mandrd 2330 and the inner 
15 surface of the casing 2375. In this manner, the upper sealing head 2336 
reciprocates In the axial direction. The radial clearance between the inner 
cylindrical surface of the upper sealing head 2335 and the outer surface of the 
inner sealing mandrel 2330 may ranges for example, from about 0.0025 to 0.05 
inches. In a preferred embodiment, the radial clearance between the inner 
20 cylindrical surface of the upper sealing head 2335 and the outer surface of the 
inner sealing mandrel 2330 ranges from about 0.005 to 0.01 inches in order to 
optimal^ provide minimal clearance. The radial clearance between the outer 
qrhndrical surface of the upper sealing head 2335 and the inner surface of the 
casing 2375 vaaj range, for example, from about 0.025 to 0.375 inches. In a 
25 prderred embodiment, the radial clearance between the outer cylindrical 
surface of the upper sealing head 2335 and the inner surface of the casing 2375 
ranges from about 0.025 to 0.125 inches in order to optimally provide 
stabilixation for the expansion cone 2355 during the expansion process. 

The upper sealing head 2335 preferably comprises an annular member 
30 having substantially cylindrical inner and outer surfaces. The upper seaUng 
head 2335 may be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield countiy tubular goods; low 
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aUoy steel, carbon steel, stainless steel or other similar high strength materials. 
In a preferred embodiment^^the upper sealing head 2335 is fabricated from 
stainless steel in order to optimally provide high strength, corrosion resistance, 
and low friction surfaces. The inn^ surface of the upper sealing head 2335 
5 preferably includes one or more annular sealing members 2435 for sealing the 
interface between the upper sealing head 2335 and the inner sealing mandrel 
2330. The sealing members 2435 may comprise any number of conventional 
commercially available annular sealing members such as, for example, o-rings, 
polypak seals or metal spring energized seals. In a preferred embodiment, the 
10 sealing members 2435 comprise poljrpak seals available from Parker Seals in 
order to optimally provide sealing for a long axial stroke. 

In a preferred embodiment, the upper sealing head 2335 includes a 
shoulder 2440 for supporting the upper sealing head on the lower sealing head 
1930. 

15 The upp^ sealing head 2335 may be coupled to the outer sealing 

mandrel 2350 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty threaded connection, welding, amorphoxis bonding, or a 
standard threaded connection. In a preferred embodiment, the upper sealing 

20 head 2335 is removably coupled to the outer sealing mandrel 2350 by a 
standard threaded connection. In a preferred embodiment, the mechanical 
coupling between the upper sealing head 2335 and the outer sealing mandrel 
2350 indudee one mr moTB sealing members 2445 for fluidicly sealing the 
interface between the upper sealing head 2335 and the outer sealing mandrel 

25 2350. The sealing menibers 2445 mqr comprise any number of conventional 
commerciaUy available sealing members such as, for example, o-ringB» polypak 
seals or metal spring energized seals. In a preferred embodiment, the sealing 
members 2445 comprise poljpak seala available from Parker Seals in order to 
optinudly provide sealing for long axial strokes. 

30 The lower sealing head 2340 is coupled to the inner sealing mandrel 2330 
and the load mandrel 2345. The lower sealing head 2340 is also movably 
coupled to the inner surface of the outer sealing mandrel 2350. In this manner, 
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the upper sealing head 2335 and outer sealing mandrel 2350 reciprocate in the 
axial direction. . The radial clearance between the outer surface of the lower 
sealing head 2840 and the inner surface of the outer sealing mandrel 2350 may 
range, for example, from about 0.0025 to 0.05 inches. In a preferred 
5 embodiment, the radial clearance between the outer surface of the lower sealing 
head 2340 and the inner surface of the outer sealing mandrel 2350 ranges from 
about 0.005 to 0.010 inches in order to optimaUy provide minimal radial 
clearance. 

The lower sealing head 2340 preferably comprises an annular member 
10 having substantially cylindrical inner and outer surfaces. The lower sealing 
head 2340 may be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield tubular members, low alloy 
steel, carbon steel, stainless steel or other similar high strength materials. In a 
preferred embodiment, the lower sealing head 2340 is fabricated from stainless 
15 steel in order to optimal^ provide high strength, corrosion resistance, and low 
friction surfaces. The outer surface of the lowv sealing head 2340 preferably 
includes one or more annular sealing members 2450 for sealing the interface 
between the lower sealing head 2340 and the outer sealing mandrel 2350. The 
sealing members 2450 may cominise any number of conventional commerdaUy 

20 available annular sealing members such as, for example, o-rings, po^ypak seals 
or metal spring energized seals. In a preferred embodiment, the sealing 
members 2450 comprise po^ypak seals available fix>m Parker Seab in order to 
optimally provide sealing far a long axial staroke. 

The lowv sealing head 2340 may be coupled to the inner sealing mandrel 

25 2330 using any numbw of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular 
specialty threaded connection, welding, amorphous bonding, or standard 
threaded connection. In a preferred embodiment, the lower sealing head 2340 
is removably coupled to the inner sealing mandrel 2330 by a standard threaded 

30 connection. In a preferred embodiment, the mechanical coupling between the 
lower seahng head 2340 and the inner sealing mandrel 2330 includes one or 
more sealing members 2455 for fluididy sealing the interface between the lower 
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sealing head 2340 and the inner sealing mandrel 2330. The sealing members 
2455 may comprise any number of conventional commercially available sealing 
members such as, for example, o-rings, polypak or metel spring energized seals. 
In a preferred embodiment^ the sealing members 2455 comprise polypak seals 
5 available from Parker Seals in order to optimaUy provide sealing for a long axial 
stroke length. 

The lower sealing head 2340 may be coupled to the load mandrel 2945 
using any number of convCTtional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield oountiy tubular goods 

10 specialty threaded connection, welding, amorphous bonding or a standard 
threaded connection. In a preferred embodiment^ the lower sealing head 2340 
is removably coupled to the load mandrel 2345 by a standard threaded 
connection. In a preferred embodiment, the mechanical coupling between the 
lower sealing head 2340 and the load mandrd 2345 includes one or more 

15 sealing members 2460 for fluididy sealing the int^ace between the lower 
sealing head 2340 and the load mandrel 2345. The sealing members 2460 may 
comprise any number of conventional commercially available sealing members 
such as» for example, o-rings, polypak seals or metal spring energized seals. In a 
preferred embodiment, the sealing monbers 2460 comprise polypak seals 
20 available from Parker Seals in order to optimally provide sealing for a long axial 
stroke length. 

In a preferred embodiment, the lower sealing head 2340 includes a throat 
passage 2465 Ouididy coupled between the fluid passages 2406 and 2415. The 
throat passage 2465 ia preferably of reduced size and is adapted to recdve and 

25 engage with a ptng 2470, or other similar device. In this manner, the fluid 
passage 2405 kfluidicly isolated from the fluid passage 2415. In Uiis manner, 
the pressure chamber 2475 is pressurized. 

The outer sealing mandrd 2350 is coupled to the upper sealing head 
2335 and the expansion cone 2355. The outer sealing mandrel 2350 ia also 

30 movably coupled to the inner surfSsoe of the casing 2375 and the outer surface of 
the lower sealing head 2340. In this manner, the upper sealing head 2335, 
outer sealing mandrel 2350, and the expansion cone 2355 reciprocate .in the 
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axial directioQ. The radial clearance between the outer surface of the outer 
sealing mandrel 2350 and the iqner surface of the casing 2375 may range, for 
example, from about 0.025 to 0.375 inches. In a preferred embodiment, the 
radial clearance between the outer surface of the outer sealing mandrel 2350 
5 and the inner surface of the casing 2375 ranges from about 0.025 to 0.125 
inches in order to optimally provide stabilization for the expansion cone 2355 
during the expansion process. The radial clearance between the inner surface 
of the outer sealing mandrel 2350 and the outer surface of the lower sealing 
head 2340 m^ range, for example, from about 0,0025 to 0.375 inches. In a 
10 preferred embodiment, the radial clearance between the inner surface of the 
outer sealing mandrel 2350 and the outer surface of the lower sealing head 2340 
ranges from about 0.005 to 0.010 inches in order to optimally provide minimal 
clearance. 

The outer sealing mandrel 2350 preferably comprises an annular 
15 member having substantiaUy (^lindrical inner and outer surfaces. The outer 
sealing mandrel 2350 may be fabricated from any number of conventional 
commercially available mwtffl als such a8» for example, low allqy steel, carbon 
steel, stainless steel or othCT similar hi|^ strength materials. Inapreferred 
embodiment, the outer sealing mandrel 2350 is fabricated from stainless steel 
20 in order to optimal^ provide high strength, corrosion resistance, and low 
friction surfaces. 

The outer sealing mandrel 2350 may be coupled to the upper sealing 
head 2335 using any number of conventional oommerdaUy available mechanical 
coupIingB such as, for example, driUpipe connections, oUReLd country tubular 

25 goods specialty threaded coimections, welding, amorphous bonding, or a 
standard threaded connection. In a prefored embodiment, the outer sealing 
mandrel 2350 is removably coupled to the upper sealing head 2336 by a 
standard threaded connection. The outer sealing mandrel 2350 may be coupled 
to the expansion cone 2355 using any numba of conventional commercially 

30 available mechanical couplings such as, for example, driUpipe connection, 
oilfield country tubidar goods specialty threaded connection, welding, 
amorphous bonding, or a standard threaded connection. In a preferred 
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embodiment, the outer sealing mandrel 2350 is removably coupled to the 
expansion cone 2355 by a standard threaded connection. 

The upper sealing head 2335, the lower sealing bead 2340, the inner 
sealing mandrel 2330, and the outer sealing mandrel 2350 together define a 
5 pressure chamber 2475. The pressure chamber 2475 is fluididy coupled to the 
passage 2405 via one or more passages 2410. During operation of the apparatus 
2300, the plug 2470 engages vnth the throat passage 2465 to fluidicfy isolate the 
fluid passage 2415 from the fluid passage 2405. The pressure chamber 2475 is 
then pressurized which in turn causes the upper sealing head 2S3S, outer 
10 sealing mandrel 2350, and expansion cone 2855 to reciprocate in the axial 
direction. The axial motion of the expansion ooae 2355 in turn expands the 
casing 2375 in the radial direction. 

The load mandrel 2345 is coupled to the lower sealing head 2340 and the 
mechanical slip body 2360. The load mandrel 2345 preferably comprises an 
15 annular member having substantially cylindrical inner and outer surfaces. The 
load mandrel 2345 may be fabricated from any number of conventional 
commodaUy available mate ri als such as, for example, oilfield country tubular 
goods, low alloy sted, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the load mandrel 2345 is fabricated from 
20 stainless steel in order to optimaUy provide high strength, corrosion resistance, 
and low friction surfaces. 

The load mandrel 2345 may be coupled to the lower sealing head 2340 
using any number of conv«itional commerciaUy available mechanical couplings 
sudi as, for example, driUpipe connection, oilfield country tubular goods 
25 specialty threaded connection, welding, amorphoua bonding or a standard 
threaded connection. In a preferred embodiment, the load mandrel 2345 is 
removably coupled to the lower sealing head 2340 by a standard threaded 
connection. The load mandrel 2345 may be coupled to the mechanical slip bo«ly 
2360 using any number of conventional oommereiallty available mechanical 
30 couplings such as, for example, drillpipe connection, oilfield country tubular 
goods specialty threaifed connection, welding, amorphous bonding, or a 
standard threaded connection. In a preferred embodiment, the load mandrel 
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2345 is removably coupled to the mechanical slip bo4y 2360 by a standard 
threaded connection. 

The load mandrel 2345 preferably includes a fluid passage 2415 that is 
adapted to convey fluidic materials firom the fluid passage 2405 to the region 
5 outside of the apparatus 2300. In a preferred embodiment, the fluid passage 
2415 is adapted to convey fluidic materials such as, for example, cement, epoxy, 
water, drilling mud or lubricants at operating pressures and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallona/minute. 

The expansion cone 2355 is coupled to the outer sealing mandrel 2350. 
10 The expansion cone 2355 is also movably coupled to the inner surface of the 
casing 2375. In this manner, the upper sealing head 2335, outer sealing 
mandrel 2350, and the expansion cone 2355 reciprocate in the axial direction. 
The reciprocation of the expansion cone 2355 causes the casing 2375 to expand 
in the radial direction. 
15 The expansion cone 2355 preferably comprises an annular member 

having substantially cylindrical inner and conical outer surfaces. The outside 
radius of the outside conical surface may range, for example, from about 2 to 34 
inches. In a preferred embodiment^ the outside radius of the outside conical 
surface ranges from about 3 to 28 inchee in order to optimal^ provide radial 
20 expansion of the typical casings. The axial length of the expansion cone 2355 
may range, for example, from about 2 to 8 times the largest outside diameter of 
the expansion cone 2355. In a preferred embodiment^ the axial length of the 
expansion cone 2355 ranges from about 3 to 5 times the largest outside 
diameter of the expansion cone 2355 in order to optimally provide stability and 
25 centralization of the expansion cone 2355 during the expansion process. In a 
preferred embodiment^ the angle of attadc of the expansion cone 2355 ranges 
from about 5 to 30 d^rees in order to optimaUy frictional forces with radial 
expansion forces. The optimum angle of attack of the expansion cone 2355 wiU 
vary as a function of the operating parameters of the particular expansion 
30 operation. 

The expansion cone 2355 may be fabricated from any number of 
conventional commercially available materials such as, for example, machine 
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tool steel, nitride steel, titanium, timgstea carbide, ceramics or other similar 
high strength materials. In a preferred embodiment, the expansion cone 2355 
is fabricated from D2 machine tool steel in order to optinudly provide high 
strength, abrasion resistance, and galling resistance. In a particularly preferred 
5 embodiment, the outside surface of the expansion cone 2355 has a surface 
hardness ranging from about 58 to 62 Rockwell C in order to optimally provide 
hi^ strength, abrasion resistance, resistanoe to galling: 

The eqMmsion cone 2355 may be coupled to the outside sealing mandrel 
2350 using any number of conventional commerciaUy avaUable mechanical 
10 couplings such as, for example, drillpipe connection, oilfield oountiy tubular 
goods specialty threaded connection, welding, amorphous bonding, or a 
standard threaded connection. In a preferred embodiment, the expansion cone 
2355 is coupled to the outside sealing mandrel 2350 using a standard threaded 
connection in order to optimally provide high strength and permit the 
15 expansion cone 2355 to be easily replaced. 

The mandrel launcher 2480 is coupled to the casing 2375. The mandrel 
laimcher 2480 comprises a tubular section of casing having a reduced wall 
thickness compared to the casing 2375. In a preferred embodiment, the wall 
thickness of the mandrel launcher 2480 is about 50 to 100 % of the wall 
20 thickness of the casing 2375. In this maimer, the initiation of the radial 

expansion of the casing 2375 is facilitated, and the placement of the apparatus 
2300 into a wellbore casing and wellbore is facilitated. 

The mandrel launcher 2480 may be coupled to the casing 2375 using any 
number of conventional mechanical coupUngs. The mandrel launcher 2480 may 
25 haveawaUthicknessranginft for examine, frooi about 0.15 to 1.5 indiea. In a 
preferred embodiment, the wall thiginuMffl of the mandrel laundier 2480 ranges 
from about 0.25 to 0.75 inches in order to optimally provide hi^ strragth in a 
minimal profile. The niandrd launcher 2480 may bl» fabricated from any 
number of conventional commercially available mi* trari *^ l ff such as, for example, 
30 oilfield tubular goods, low alloy steel, carbon steel, stainless steel or other 
similar hi^^ strength materials. In a preferred embodiment, the mandrel 
laimcher 2480 is fabricated from oilfield tubular goods having a higher strength 
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than that of the casing 2375 but with a smaller wall thickness than the casing 
2375 in order to optimally provide a thin walled container having approximately 
the same burst strength as that of the casing 2375. 

The mechanical slip body 2460 is coupled to the load mandrel 2345, the 
5 mechanical slips 2365, and the drag blocks 2370. The mechanical slip body 
2460 preferably comprises a tubular member having an inner passage 2485 
fluidicly coupled to the passage 2415. In this manner, fluidic materials may be 
conveyed from the passage 2484 to a region outside of the i^paratus 2300. 

The mechanical slip body 2360 may be coupled to the load mandrel 2345 
10 usingany number of conventional mechanical couplings. In a preferred 
embodiment, the mechanical slip body 2360 is removably coupled to the load 
mandrel 2345 using threads and sliding steel retaining rings in order to 
optimally provide a high strength attachment The mechanical slip body 2360 
may be coupled to the mechanical slips 2365 using any number of conventional 
15 mechanical couplings. In a preferred embodiment, the medianical slip body 
2360 is removably coupled to the mechanical slips 2365 using threads and 
sliding steel retaining rings in order to optimally provide a iu'efc strength 
attachment The mechanical slip body 2360 may be coupled to the drag blocks 
2370 using any number of conventional mechanical couplings. In a preferred 
20 embodiment, the mechanical slip body 2360 is removably coupled to the drag 
blocks 2365 using threads and sliding steel retaining rings in order to optimally 
provide a high strength attachment 

The mechanical alq» 2365 are coupled to the outside surface of the 
mechanical slip bo<ty 2360. During operation of the apparatus 2300, the 
25 mechanical slips 2365 prevent upward movement of the casing 2375 and 
mandrel launcher 2480. In this manntf , during the axial reciprocation of the 
expansion cone 2355, the casing 2375 and mandrel launcher 2480 are 
m a in ta in ed in a substantially stationary position. In this mann^, the mandrel 
launcher 2480 and casing 2375 are expanded in the radial direction by the axial 
30 movement of the expansion cone 2355. 

The mechanical slips 2365 may comprise any number of conventional 
conunerdally available mechanical slips such as, for example, RTTS packer 
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tungsten carbide mechanical slips, RTTS packer wicker type mechanical slips or 
Model 3L retrievable, bridge plug tungsten carbide upper mechanical slips. In a 
preferred embodiment, the mechanical slips 2365 coiiq)rise RTTS packer 
timgsten carbide mechanical slips available from HaUibinton Energy Services 
5 in order to optimally provide resistance to axial movement of the casing 2375 
during the expansion process. 

The drag blocks 2370 are coupled to the outside surface of the 
mechanical slip body 2360. During operation of the qsparatus 2300, the drag 
blocks 2370 prevent upward movement of the casing 2375 and mandrel 
10 launcher 2480. In this manner, during the axial reciprocation of the expansion 
cone 2355, the casing 2375 and mandrel launcher 2480 are maintained in a 
substantially stationary position. In this manner, the mandrel launcher 2480 
and casing 2375 are expanded in the radial direction by the axial movement of 
the expansion cone 2355. 
15 The drag blocks 2370 may comprise any number of conventional 

commercially available mechanical slips such as, for example, RTTS packer 
mechanical drag blocks or Model 3L retrievable bridge plug drag blocks. In a 
preferred embodiment, the drag blocks 2370 comprise RTTS packer mechanical 
drag blocks available from Halliburton Energy Services in order to optimally 
20 provide resistance to axial movement of the casing 2375 during the expansion 
process. 

The casing 2375 is coupled to the mandrd launcher 2480. The casing 
2375 is further removably coupled to the mechanical slips 2365 and drag blocks 
2370. The casing 2375 preferably oonqirises a tubular member. The casing 

25 2375 may be fabricated fit>m any number of conventional commercially 
available materiab such as, for example, slotted tubulars, oil country tubular 
goods, carbon steel, low alloy steel, stainless sted or other similar high strength 
materials. In a preferred embodiment, the casing 2375 is fabricated from 
oilfield country tubidar goods available from various foreign and domestic steel 

30 mills in order to optimally provide high strength. In a preferred embodiment, 
the upper end of the casing 2375 includes one or more sealing members 
positioned about the exterior of the casing 2375. 
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During operation, the apparatus 2300 is positioned in a wellbore with the 
upper end otthe casing 2375 positioned in an overl^ping relationship within 
an existing wellbore casing. In order minimize surge pressures within the 
borehole during placement of the apparatus 2300, the fluid passage 2380 is 
5 preferab^provided with one or more pressure relief passages. During the 
placement of the apparatus 2300 in the wellbottr, the casing 2375 is supported 
by the eacpansion cone 2355. 

After positioning of the apparatus 2300 within the bore hole in an 
overlapping relationship with an existing section of wellbore casing, a first 
10 fluidic material is pumped into the fluid passage 2380 from a surface location. 
The first fluidic material is conveyed from the fluid passage 2380 to the fluid 
passages 2385, 2390, 2395, 2405, 2415, and 2485. The first fluidic material will 
then exit the apparatus 2300 and fill tiie annular region between the outside of 
the apparatus 2300 and the interior walls of the bore hole. 
15 The first fluidic material may conqjrise any number of conventional 

commercially available materials such as, for example, epoxy, drilling mud, slag 
mix, cement, or water. In a preferred embodiment^ the first fluidic material 
comprises a hardenable fluidic sealing material such as, for example^ slag miy^ 
epoxy, or cement. In this manner, a wdlbore casing having an outer annular 
20 layer of a hardenable material may be formed. 

The first fluidic material may be pumped into the apparatus 2300 at 
operating pressures and flow rates ranging, for example, firom about 0 to 4,500 
psi, and 0 to 3,000 gallona/minuta. In a preferred embodiment, the first fluidic 
niaterial is pumped into the ^paratua 2300 at oporating pressures 
25 rates ranging from about 0 to 3,500 psi and 0 to 1,200 gaUonsAninute in order 
to optimally provide operational efficiengr. 

At a predetermined point in the iz\jection of the first fluidic material such 
as, for example, after the annular region outside of the apparatus 2300 has been 
filled to a predetermined level, a plug 2470, dart, or other similar device is 
30 introduced into the first flmdic matmal. The plug 2470 lodges in the throat 
passage 2465 Oiereby fluididy isolating the fluid passage 2405 from the fluid 
passage 2415. 
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After placement of the plug 2470 in the throat passage 2465, a second 
fluidic material is pumped into the fluid passage 2380 in order to pressurize the 
pressure chamber 2475. The second fluidic material may comprise any number 
of conventional conmierdally available materials such as, for example, water, 
5 drilling gases, drilling mud or lubricants. In a preferred embodiment, the 
second fluidic material comprises a non-hardenable fluidic material such as, for 
examf>le, water, drilling mud or lubricant 

The second fluidic material may be pumped into the apparatus 2300 at 
operating pressures and flow rates ranging^ for example, from about 0 to 4,500 
10 psi and 0 to 4,500 gallons/minute. In a preferred embodiment, the second 
fluidic material is pumped into the q)paratus 2300 at operating pressures and 
flow rates ranging from about 0 to 3,500 psi and 0 to 1,200 gallons/minute in 
order to optimally provide operational efficiency. 

The pressurization of the pressure diamber 2475 causes the upper 
15 sealing head 2335, outer sealing mandrel 2350, and expansion cone 2355 to 
move in an axial direction. The pressurization of the pressure chamber 2475 
also causes the hydraulic slips 2325 to expand in the radial direction and hold 
the casing 2375 in a substantially stationary position. Furthermore, as the 
expansion cone 2355 moves in the axial direction, the expansion cone 2355 pulls 
20 the mandrel launcher 2480 and drag blocks 2370 along, which sets the 
mechanical slips 2365 and stops further axial movement of the mandrd 
launcher 2480 and casing 2375. In this manner, the ^ m ^ l movement of the 
expansion cone 2355 radial^ expands the mandrel launcher 2480 and casing 
2375. 

25 Once the uppv sealing head 2335, outer sealing mandrel 2350, and 

expansion oone 2355 oon^dete an axial stroke, the operating pressure of the 
second fluidic material is reduced. The reduction in the operating pressure of 
the second fluidic material releases the hydraulic slips 2325. The drill string 
2305 is then raised. This causes the inno: sealing mandrel 2330, lower sealing 

30 head 2340, load mandrel 2345, and mechanical slip bodiy 2360 to move upward. 
This unsets the mechanical sUps 2365 and permits the mechanical slips 2365 
and drag blocks 2370 to be moved within the mandrel launcher 2480 and casing 
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2375. When the lower sealing head 2340 contacts the upper sealing head 2335, 
the second fluidic material is again pressurized and the radial expansion process 
continues. In this manner, the mandrel launch^ 2480 and casing 2375 are 
radial expanded through repeated axial strokes of the upper 8ealii;ig head 2335, 
5 outer sealing mandrel 2350 and expansion cone 2355. Throughput the radial 
expansion process, the upper end of the casing 2375 is preferably maintained in 
an overlapping relation with an existing section of weUbore casing. 

At the end of the radial expansion process, the upper end of the casing 
2375 is expanded into intimate contact with the inside surface of the lower end 

10 of the existing wellbore casing. In a preferred embodiment^ the sealing 
members provided at the upper end of the casing 2375 provide a fluidic seal 
between the outside surface of the upper end of the casing 2375 and the inside 
surface of the lower end of the existing weUbore casing. In a preferred 
embodiment^ the contact pressure between the casing 2375 and the existing 

15 section of wellbore casing ranges from about 400 to 10,000 psi in order to 
optimally provide contact pressure, activate the sealing members, and 
withstand typical tensile and compressive loading conditions. 

In a preferred embodiment, as the expansion cone 2355 nears the upper 
end of the casing 2375, the operating pressure of the second fluidic material is 

20 reduced in order to minimize shock to the apparatus 2300. In an alternative 
embodiment, the apparatus 2300 includes a shock absorber for absorbing the 
shock created by the completion of the radial expansion of the casing 2375. 

In a preferred embodiment^ the reduced operating pressure of the second 
fluidic material ranges from about 100 to 1,000 psi as the expansion cone 2355 

25 nears the end of the casing 2375 in order to optimally provide reduced axial 
movemmt and velocity of the expansion cone 2355. In a prrferred embodiment, 
the operating pressure of the second fluidic material is reduced during the 
return stroke of the ^>paratua 2300 to the range of about 0 to 500 psi in order 
minimize the resistance to the movement of the expansion cone 2355 during the 

30 return stroke. In a preferred embodiment, the stroke length of the apparatus 
2300 ranges from about 10 to 45 feet in order to optimally provide equipment 
that can be handled by typical oil well rigging equipment and minimize the 
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frequency at which the expansion cone 2355 must be stopped to permit the 
apparatus 2300. to be re-stroked. 

In an alternative embodiment, at least a portion of the upper sealing 
head 2335 includes an expansion cone for radially expanding the mandrel 
5 launcher 2480 and casing 2375 during operation of the apparatus 2300 in order 
to increase the surface area of the casing 2375 acted upon during the radial 
expansion process. In this manner, the operating pressures can be reduced* 

In an alternative embodiment, medianical slips 2365 are positioned in an 
axial location between the sealing sleeve 2315 and the inner sealing mandrel 
10 2330 in order to optimally the construction and operation of the apparatus 
2300. 

Upon the complete radial expansion of the casing 2375, if applicable, the 
first fluidie material is permitted to cure within the annular region betwew the 
outside of the expanded casing 2375 and the interior walls of the wellbore. In 

15 the case vdiere the casing 2375 is slotted, the cured fluidie material preferably 
permeates and envelops the expanded casing 2375. In this manner^ a new 
section of wellbore casing is formed within a wellbore. Alternatively, the 
apparatus 2300 may be used to join a first section of pipeline to an existing 
section of pipeline. Altemativety, the apparatus 2300 may be used to directly 

20 line the interior of a wellbore with a casing, without the use of an outer annular 
layer of a hardenable matmal. Alternatively, the apparatus 2300 may be used 
to expand a tubular support member in a hole. 

During the radial expansion process, the proBsurized areas of the 
apparatus 2300 are limited to the fluid passages 2380, 2385, 2390, 2395, 2400, 

25 2405, and 2410, and the pressure chamber 2475. No fluid pressure acts directly 
on the mandrel launcher 2480 and casing 2375. This permits the use of 
operating imssurea higher than the mandrel launcfan 2480 and casing 2375 
could normally withstand. 

Referring now to Figure 18, a preferred embodiment of an apparatus 

30 2500 for fonning a mono-diametor wellbore casing will be described The 
apparatus 2500 preferably includes a drillpipe 2505, an innerstring adapter 
2510, a sealing sleeve 2515, a hydraulic slip body 2520, hydraulic slips 2525, an 

- 148. 

SUBSTITUTE SHEET (RULE 26) 



wo 00/77431 



PCT/ILOO/00245 



inner sealing mandrel 2530, upper sealing head 2535, lower sealing head 2540, 
outer sealing mandrel 2545, load mandrel 2550, expansion cone 2555, casing 
2560, and fluid passages 2565, 2570, 2575. 2580, 2585, 2590, 2595, and 2600. 
The drillpipe 2505 is coupled to the innerstring adapter 2510. During 
5 operation of the S4>paratus 2500, the drillpipe 2505 supports the apparatus 
2500. The drillpipe 2505 preferabty comprises a substantially hollow tubular 
member or members. The drillpipe 2505 may be fabricated from any number of 
conventional commerdaUy available materials such as, for example, oilfield 
country tubular goods, low alloy steel, carbon steel, stainless steel or other 
10 similar high strength materials. In a preferred embodiment, the drillpipe 2505 
is fabricated from coiled tubing in order to fadliate the placement of the 
apparatus 2500 in non-vertical wellbores. The drillpipe 2505 may be coupled to 
the innerstring adapter 2510 using any number of conventional conmierdally 
available mechanical couplings such as, for example, drillpipe connection, 
15 oilfield country tubular goods specialty threaded connection, or a standard 
threaded connection. In a preferred embodiment, the drillpipe 2505 is 
removably coupled to the innerstring adapter 2510 by a driUpipe connection, a 
drillpipe connection provides the advantages of high strength and ea^ 
disassembly. 

20 The drillpipe 2505 preferably includes a fluid passage 2565 that is 

adapted to convey fluidic materials from a surface location into the fluid 
passage 2570. In a preferred anbodiment, the fluid passage 2565 is adi^ted to 
convey fluidic matiffia ls such as, for example, cemrat, eposy, water, drilling 
mud, or lubricants at operating pressures and flow rates ranging from about 0 

25 to 9,000 pd and 0 to 3,000 gallons/minute. 

The innerstring adiqpter 2510 is coupled to the drill string 2505 and the 
sealing sleeve 2515. The innerstring adc^ter 2510 preferably comprises a 
substantially hollow tubular membar or members. The innerstring ad^ter 
2510 may be fabricated from any number of conventional commerdaUy 

30 available materiala such as, for example, oilfield country tubular gooda, low 
alloy steel, carbon sted, stainless steel or oth& similar high strengUi materials. 
In a preferred embodiment, the innerstring adapter 2510 is fabricated from 
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stainless steel in order to optimally provide high strength, corrosion resistance, 
and low friction surfaces. 

The innerstring adapter 2510 may be coupled to the drill string 2505 
using any number of conventional commercially available mechanical coupling 
5 such as, for example, drillpipe connection, oilfield country tubular goods 
specialty type threaded connection, or a standard threaded connection. In a 
preferred anbodiment» the innerstring adapter 2510 is removably coupled to 
the driU pipe 2505 by a driUpipe connection. The innerstring adapter 2510 may 
be coupled to the sealing sleeve 2515 using any number of conventional 

10 commercially avaUable mechanical couplings such as, for example, drillpipe 
connection, oilfield country tubular goods specialty type threaded connection, 
ratchet-latch type threaded connection or a standard threaded connection. In a 
preferred embodiment, the innerstring adapter 2510 is rraiovably coupled to 
the sealing sleeve 2515 by a standard threaded connection. 

15 The innerstring adapter 2510 preferably includes a fluid passage 2570 

that is adapted to convey fluidic materials from the fluid passage 2565 into the 
fluid passage 2575. In a preferred embodiment, the fluid passage 2570 is 
adapted to convey fluidic materials such as, for example, cement, epoxy, water, 
drilling mud or lubricants at operating pressures and flow rates ranging from 

20 about 0 to 9,000 psi and 0 to 3,000 gallon3/minute; 

The sealing sleeve 2515 is coupled to the innerstring adapter 2510 and 
the hydraulic slip body 2520. The sealing sleeve 2515 preferably comprises a 
substantially hollow tubular member or m&aabm. The sealing sleeve 2515 may 
be fabricated from any numJMr of conventional commercially available 

25 materials such as, for example^ oilfield country tubular goods* low alloy steel, 
carbon steel, stainless steel or other similar hi^ strength materials. In a 
preferred embodimat^ the sealing sleeve 2515 is fitoicated from staioless steel 
in order to optimally provide high strength, corrosion resistance, and low- 
friction surfaces. 

30 The seaUng sleeve 2515 may be coupled to the innerstring adapter 2510 

using any number .of conventional conunerdalty available mechanical couplings 
such as, for example, drillpipe connections, oilfield country tubular goods 
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specialty type threaded connection, ratchet-latch type threaded connection, or a 
standard threaded connection, In a preferred embodiment, the sealing sleeve 
2516 is removably coupled to the innentring adapter 2610 by a standard 
threaded connection. The seahng sleeve 2516 may be coupled to the hydraulic 
5 sUp body 2520 using any number of conventional commerdaUy avaflable 
mechanical couplings such as, for example, driUpipe connection, oilfield country 
tubular goods specialty type threaded connection, ratchei-latch type threaded 
connection, or a standard threaded connection. In a preferred embodiment, the 
sealing sleeve 2515 is removably coupled to the hydraulic slip body 2520 by a 
10 standard threaded connection. 

The sealing sleeve 2516 preferably includes a fluid passage 2575 that is 
adapted to convey fluidic materials from the fluid passage 2570 into the fluid 
passage 2580. In a preferred embodiment, the fluid passage 2575 is adapted to 
convqr fluidic materials such as, for example, cement, epoiy, water, drilling 
15 mud or lubricants at operating pressures and flow rates ranging from about 0 to 
9,000 psi and 0 to 3,000 gaUons/minute. 

The hydraulic slip body 2520 is coupled to the sealing sleeve 2515. the 
hydraulic slips 2525, and the inner sealing mandrel 2630. The hydrauUc slip 
bocty 2520 preferably comprises a substantially hoUow tubular member or 
20 members. The hydraulic sUp bo«|y 2520 may be fabricated from any number of 
conventional commerdaUy available materials such as, for example, oilfield 
country tubular goods, low alloy steel, carbon steel, stainless steel or other 
similar high atnngth materials. In a preferred embodiment, the hydraulic sUp 

bo4y 2520 is fabricated from carbon sted in order tQ optimaUy provide high 
25 strength. 

The liydrauUc slip body 2520 may be coupled to the sealing sleeve 2515 
using aqy number of conventional commerdalfy wnJiable mechanical couplings 
such as, for example, drillpipe connection, oilfield countxy tubular goods 
specialty type threaded connection, ratchet-latch type threaded connection or a 
30 standard threaded connection. In a preferred embodiment, the hydraulic sUp 
body 2620 is removably coupled to the sealing sleeve 2515 by a standard 
threaded connection. The Mraulic sUp bo4y 2520 may be coupled to the sUps 
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2525 using any number of conventional commercially available mechanical 
couplings such as, for exan^)le, threaded connection or welding. In a preferred 
embodiment, the hydraulic slip body 2520 is removably coupled to the slips 
2525 by a threaded connection. The hydraulic slip body 2520 nrny be coupled to 
5 the inner sealing mandrel 2530 using any nimoJber of conventional commercially 
available mechanical couplings such as, for example, diillpipe connection, 
oilfield country tubular goods specialty type threaded connection, welding, 
amorphous bonding or a standard threaded connection. In a preferred 
embodiment, the hydraulic slip body 2520 is removab^ coupled to the inner 
10 sealing mandrel 2530 by a standard threaded connection. 

The hydraulic slips body 2520 preferably indudea a fluid passage 2580 
that is adapted to conv^ fluidic materials from the fluid passage 2575 into the 
fluid passage 2590. In a preferred einbodiment, the fluid passage 2580 is 
adapted to conv^ fluidic materials sudi as, for example, cement, epoa^, water, 
15 drilling mud or lubricants at operating pressures and flow rates ranging firom 
about 0 to 9,000 pai and 0 to 3,000 gallona/minute. 

The hydraulic slips body 2520 preferably includes fluid passages 2585 
that are adapted to convey fluidic materials from the fluid passage 2580 into the 
pressure chambers of the hydraulic slips 2525. In this manner, the slips 2525 
20 are activated upon the pressurization of the fluid passage 2580 into contact 
with the inside surface of the casing 2560. In a preferred embodiment, the fluid 
passages 2585 are adapted to convey fluidic materials such as, for example, 
water, drilling mud or lubricants at operating pressures and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallons/minute* 
25 The slips 2525 are coupled to the outaide surface of the l^drauUc slip 

body 2520. During operation of the apparatus 2500, the slips 2525 are activated 
upon the pressurization of the fluid passage 2580 into contact with the inside 
smrface of the casing 2560. In this manner, the slips 2525 maintain the cssing 
2560 in a substantially stationary position. 
30 The slips 2525 preforsbly include the fluid passages 2585, the pressure 

chambers 2605, spring bisa 2610, and slip members 2615. The slips 2525 may 
comprise any number of conventional commerdaUy available hydraulic slips 
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such as, for example, RTTS packer tungsten carbide hydraulic slips or Model 3L 
retrievable bridge plug with hydraulic slips. In a preferred embodiment, the 
slips 2525 comprise RTTS packer tungsten carbide hydraulic slips available 
from HaUiburton Energy S^ces in order to optimally provide resistance to 
5 axial movement of the casing 2560 during the expansion process. 

The inner sealing mandrel 2530 is coupled to the hydraulic sUp body 
2520 and the lower sealing head 2540. The inner sealing mandrel 2530 
preferably comprises a substantially hollow tabular member or members. The 
inner sealing mandrel 2530 may be fabricated from any number of conventional 
10 commercially available materials sudi as, for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the inner sealing mandrel 2530 is 
fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. 
15 The inner sealing mandrel 2530 may be coupled to the hydraulic slip 

body 2520 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular 
goods specialty type threaded connection, welding, amorphous bonding, or a 
standard threaded connection. In a preferred embodiment, the inner sealing 
20 mandrel 2530 is removably coupled to the hydraulic'sUp body 2520 by a 

standard threaded connection. The inno* sealing mandrel 2530 mi^ be coupled 
to the lower sealing head 2540 using ai^ number of conventional commercially 
availahle medumical couplings such as, for emiq[ile, oilfield countiy tubular 
goods specialty type threaded connection, drilliape connection, wdding, 
25 amorphous bondini^ or a standard threaded connection. Inaprrfeired 

onbodiment, the inner aealing mandrd 2530 Is removably coupled to the lower 
sealing head 2540 by a standard threaded connection. 

The inner sealing mandrd 2530 preferably indudes a fluid passage 2590 
that is adapted to convey fluidic materiab from the fluid passage 2580 into the 
30 fluid passage 2600. In a preferred embodiment, the fluid passage 2590 is 
adapted to convey fluidic materials such aa, for example, cement, epozy, water. 
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drilling mud or lubricants at operating pressiires and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The upper sealing head 2535 is coupled to the outer sealing mandrel 
2545 and expansion cone 2555. The upper sealing head 2535 is also movably 
5 coupled to the outer surface of the inner sealing mandrel 2530 and the inner 
surface of the casing 2560. In this manner, the upper sealing head 2535 
reciprocates in the axial direction. The radial dearanco'between the inner 
cylindrical surface of the upper sealing head 2535 and the outer surface of the 
inner sealing mandrel 2530 may range, for example, firom about 0.0025 to 0.05 
10 inches. In a preferred embodiment, the radial clearance between the inner 
cylindrical surface of the upper sealing head 2535 and the outer surface of the 
inner sealing mandrel 2530 ranges from about 0.005 to 0.01 inches in order to 
optimally provide minimal radial dearance. The radial dearance between the 
outer qrlindrical surface of the upper sealing head 2535 and the inner surface of 
15 the casing 2560 m^ range, for example, from about 0.025 to 0.375 inches. In a 
preferred embodiment, the radial dearance between the outer cylindrical 
surface of the upper sealing head 2535 and the inner surface of the casing 2560 
ranges fnm about 0.025 to 0.125 inches in order to optimally provide 
stabilization for the expansion cone 2535 dxiring the expansion process. 
20 The upper sealing head 2535 preferably compridte an annular member 

having substantially qdindrical inner and outer surfaces. The upper sealing 
head 2535 may be fabricated frt>m any number of convoitional commercially 
available m a twri nls such as, for example, oilfield country tubular goods, ow alloy 
steel, carbon steely stainless steel or other similar high strength materials. In a 
25 preferred embodiments the upper sealing head 2535 is fabricate from n <j>inl iHiii 
steel in order to optimally provide high strength, corrosion resistance, and low 
friction surfaces. Theinnersurfrioe of the upper sealing head 2535 preferably 
indudes one or more annular sealing mmhers 2620 for sealing the interface 
between the upper sealing head 2535 and the inner sealing mandrel 2530. The 
30 sealing members 2620 may comprise any number of conventional commerdally 
available a nn ula r sealing members such as, for example, o-rings, polypak seals, 
or metal spring energized seals. In a preferred embodiment, the sealing 
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members 2620 comprise polypak seals available from Parker Seals in order to 
optimally provide sealing for a long, axial stroke. 

In a preferred embodimoit, the upper sealing htod 2535 includes a 
shoulder 2625 for supporting the upper sealing head 2535, outer sealing 
5 mandrel 2545, and expansion cone 2555 on the lower sealing head 2540. 
The upper sealing head 2535 may be coupled to the outer sealing 
mandrel 2545 using any number of conventional conunerdally available 
mechanical couplings such as, for example, oilfield country tubular goods 
specialty threaded connection, pipeline connection, welding, amorphous 
10 bonding, or a standard threaded connection. In a preferred embodiment, the 
upper sealing head 2535 is removably coupled to the outer sealing mandrel 2545 
by a standard threaded connection. In a preferred embodiment, the 
mechan i ca l coupling between the upper sealing head 2535 and the outer sealing 
mandrel 2545 includes one or more sealing members 2630 for fluididy sealing 

15 the interface between the upper sealing head 2535 and the outer sealing 
mandrel 2545. The sealing members 2630 may comprise any number of 
conventional oonunerdally available sealing members such as, for example, o* 
rings, polypak seals or metal spring energized seals. In a preferred 
embodiment, the sealing members 2630 comprise polypak seals available from 

20 Parker Seals in order to optimally provide sealing for si long "i^l stroke. 

The lower sealing head 2540 is coupled to the inner sealing mandrel 2530 
and the load mandcel 2550. The lower sealing head 2540 is also movably 
coupled to the inner surfaee of the outer sealing mandrel 2545. In this manner, 
the upper sealing head 2535, outer sealing mandrd 2545, and expansion cone 

25 2555 reciprocate in the axial dtredion. 

The radial dearanoe between the outer surface of the lower sealing head 
2540 and the inner surface of the outer sealing mandrel 2545 may range, for 
example, from about 0.0025 to 0.05 inches. In a preferred embodiment, the 
radial dearance between the outer surface of the lower sealing head 2540 and 

30 the inner surface of the outer sealing mandrel 2545 ranges from about 0.005 to 
0.01 inches in ordst to optimally provide Tninimni radial dearance* 
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The lower sealing head 2540 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaces. The lower sealing 
head 2540 may be fabricated from any number of convtotional commercially 
available materials such as, for example, oilfield country tubular goods, low 
5 alloy steel, carbon steel, stainless steel or other similar hi^ strength materials. 
In a preferred embodiment, the lower sealing head 2540 ia fabricated from 
stainless steel in order to optiinaUy provide high strength, corrosion resistance, 
and low friction surfaces. The outer surface of the loww sealing head 2540 
preferably includes one or more annular sealing members 26SS for sealing the 
10 interface between the lower sealing head 2540 and the outer sealing mandrel 
2545. The sealing members 2635 mqr con4)rise any number of conventional 
commercially avaflable annular sealing members such as, for example, o rings, 
polypak seals, or metal spring energized seals. In a preferred embodiment, the 
sealing members 2635 comprise polypak seals available from Parker Seals in 
15 order to optimally provide sealing for a long axial stroke. 

The lower sealing head 2540 may be coupled to the inner sealing mandrel 
2530 using any number of conventional commercially available mechanical 
couplings such as, for example, driUpipe connections, oilfield country tubular 
goods specialty threaded connection, or a standard threaded connection. In a 
20 preferred embodiment, Uie lower sealing head 2540 is removably coupled to the 
inner sealing mandrel 2530 by a standard threaded connection. In a preferred 
^nbodiment, the mechanical coupling between the lower sealing head 2540 and 
the inner sealing mandrel 2530 indudes one or more sealing members 2640 for 
fluidicly sealing the tntof ace between the lower sealing head 2540 and the 
25 inner sealing mandrd 2530. The sealing members 2640 may comprise any 
number of conventional commercially available sealing membera such ss, for 
example, o-ringB, polypak seals or metal spring energized seals. Inapreferred 
embodiment, the sealing membera 2640 comprise polypak seala available from 
Parker Seals in onfar to optimally provide sealing for a long axial stroke. 
30 The lower sealing head 2540 may be coupled to the load mandrel 2550 
using any number pf conventional commerdaUy available mechanical couplings 
such as, for example, driUpipe connection, oilfield country tubular goods 
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specialty type threaded connection, welding, amorphous bonding or a standard 
threaded connection. In a preferreci embodimrati the lower sealing head 2540 
is removably coupled to the load mandrel 2550 by a standard threaded 
connection. In a preferred embodiment, the mechanical coupling between the 
5 lower sealing head 2540 and the load mandrel 2550 includes one or more 
sealing members 2645 for fluidicly sealing the interface betwemi the lower 
sealing head 2540 and the load mandrel 2550. The sealing members 2645 may 
comprise any number of conventional commercially available sealing members 
such as, for example, o-rings, polypak seals or metal spring energized seals. In a 
10 preferred embodiment, the sealing members 2645 comprise potypak seals 

available from Parker Seals in order to optimally provide sealing for a long axial 
stroke. 

In a preferred embodiment, the lower sealing head 2540 includes a throat 
passage 2650 fluidicly coupled between the fluid passages 2590 and 2600. The 
15 throat passage 2650 is preferably of reduced size and is adapted to receive and 
engage with a plug 2655, or other similar device. In this manner, the fluid 
passage 2590 is fluidicly isolated from the fluid passage 2600. In this manner, 
the pressure chamber 2660 ia pressurized. 

The outer sealing mandrel 2545 is coupled to the upper sealing head 

20 2535 and the expansion cone 2555. The outer sealing inandrel 2545 is also 
movably coupled to the inner surface of the casing 25(30 and the outer surface of 
the lower sealing head 2540. In this manner, the upper sealing head 2535, 
outer sealing mandrel 2545, and the expansion cone 2555 reciprocate in the 
axial direction. The radial clearance betwe^ the outer surface of the outer 

25 sealing mandrel 2545 and the inn« surface of the casing 2560 may range, 
example, from about 0.025 to 0.375 inches. In a preferred embodiment, the 
radial clearance between the outer surface of the outer sealing mandrel 2545 
and the inner surface of the casing 2560 ranges from about 0.025 to 0.125 
inches in order to optimally provide stabilization for the expansion cone 2535 

30 during the expansion process. The radial clearance between the inna surface 
of the outer sealing mandrel 2545 and the onter surface of the lower sealing 
head 2540 may range, for example, from about 0.005 to 0.01 inches. In a 
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preferred embodiment, the radial clearance between the inner siirface of the 
outer sealing mandrel 2545 and the outer surface of the lower sealing head 2540 
ranges from about 0.005 to 0.01 inches in order to optimaUy provide mmitnai 
radial clearance. 

5 The outer sealing mandrel 2545 preferably comprises an annular 

member having su h fltantiaHy cylindrical inner and outer surfaces. The outer 
sealing mandrel 2545 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or othor similar high strength 
10 materials. Inapreferredembodiment^ the outer sealing mandrel 2545 is 
fabricated from stainless steel in order to optimaUy provide high strength, 
corrosion resistance, and low friction surfaces. 

The outer sealing mandrel 2545 may be coupled to the upper sealing 
head 2535 using any number of conventional commercially available mechanical 
15 couplings such as, for example, drillpipe connection, oilfield country tubular 
goods specialty type threaded connection, welding, amorphous bonding, or a 
standard threaded connection. In a preferred embodiment, the outer sealing 
mandrel 2545 is rraiovably coupled to the upper sealing head 2535 by a 
standard threaded connection. The outer sealing mandrel 2546 may be coupled 
20 to the expansion cone 2555 using any number of conventional commercially 
available mechanical couplings such as, for example, drillpipe connection, 
oflfield country tubular goods specialty type threaded connection, welding, 
amorphous bonding, or a standard threaded connection. In a preferred 
embodiment^ the outer sealing mandrd 2545 is removably coupled to the 
25 expansion cone 2556 by a standard threaikd connection. 

The upper sealing head 2535, the lower sealing head 2540, the inner 
sealing mandrel 2530, and the outer sealing mandrel 2545 together define a 
pressure chamber 2660. The pressure chamber 2660 is fluididy coupled to the 
passage 2590 via one or more passages 2595. During opoation of the apparatus 
30 2500, the plug 2655 engages with the throat passage 2650 to fluididy isolate the 
fluid passage 2590 .from the fluid paassge 2600. The pressure chamber 2660 is 
then pressurized which in turn causes the upper sealing head 2535, outer 
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sealing mandrel 2546, and expansion cone 2555 to reciprocate in the axial 

direction. The axial motion of the expansion cone 2555 in turn expands the 
casing 2560 in the radial direction. 

The load mandrel 2560 is coupled to the lower sealing head 2540. The 
5 load mandrd 2550 preferably comprises an annular member having 
substantially grlindrical inner and outer surfaces. The load mandrel 2550 may 
be fabricated from any number of convoitional commercially available 
materials such as, for example, oilfield country tubular goods, low aUoy steel, 
carbon steel, stainless steel or other similar hi^ strength materials. In a 
10 preferred embodiment, the load mandrel 2550 is fabricated from stainless steel 
in order to optimally provide high strength, corrosion resistance, and low 
friction surfaces. 

The load mandrel 2550 may be coupled to the lower sealing head 2540 
using any numbo- of conventional commerdaUy available mechanical couplings 
15 such as, for example, oilfield country tubular goods, drillpipe connection, 

welding, amorphous bonding, or a standard threaded connection. In a preferred 
embodiment, the load mandrel 2550 is removably coupled to the lower sealing 
head 2540 by a standard threaded connection. 

The load mandrel 2550 prrferably indudes a fluid passage 2600 that is 
20 adapted to convey fluidic materials from the fluid passage 2590 to the region 
outside of the apparatus 2500. In a preferred embodiment, the fluid passage 
2600 is adapted to convey fluidic materials such as, for example, cement, epoxy, 
water, drilling mud, or lubricants at operating pressures and flow rates ranging, 
for example, from about 0 to 9.000 pd and 0 to 3,000 gaUonsAninute. 
25 The expanaion cone 2555 is coupled to the outer sealing mandrel 2545. 
The expansion cone 2555 is also movably coupled to the inner surface of the 
casing 2560. In this manner, the upper sealing head 2535, outer sealing 
mandrd 2545, and the expansion cone 2555 redptxKate in the axial direction. 
The redprocatton of the expansion cone 2555 causes the casing 2560 to expand 
30 in the radial direction. 

The expansion Ibone 2555 preferably comprises an annular member 
having substantiaUy cylindrical inner and conical outer surfaces. The outside 
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radius of the outside conical surface may range, for example, from about 2 to 34 
inches. In a preferred embodiment, the outside radius of the outside conical 
surface ranges from about 3 to 28 in order to optimally provide radial expansion 
for the widest variety of tubular casings. The axial length of the expansion cone 
5 2555 may range, for example, from about 2 to 8 times the largest outside 
diameter of the expansion cone 2535. In a preferred embodiment, the axial 
length of the expansion cone 2535 ranges from about 3 to 5 times the largest 
outside diameter of the expansion cone 2535 in order to optimally provide 
stabilization and centralization of the expansion cone 2535 during the 
10 expansion process. In a particularly preferred raibodiment^ the maT^m ^^ni 
outside diameter of the expansion cone 2555 is between about 95 to 99 % of the 
inside diameter of the existing wellbore that the casing 2560 will be joined with. 
In a preferred embodiment, the angle of attack of the expansion cone 2555 
ranges from about 5 to 30 degrees in order to optimally balance frictional forces 
15 and radial expansion forces. Theoptimumangleof attack of the expansion cone 
2535 will vary as a fonction of the particular operational features of the 
expansion opmition. 

The expansion cone 2555 may be fabricated fit>m any number of 
conventional commercially available materials sudi as, for example, machine 
20 tool steel, nitride steel, titanium, tungstai carbide, ceramics or other similar 
high strength materials. In a preferred embodiment, the expansion cone 2555 
is fabricated £rom D2 machine tool steel in order to optimailly provide >ii gh 
strength, and reeistanoe to wear and galling. In apardcularfy p re fei r e d 
embodiment, the outside surface of the expansion cone 2555 has a surface 
25 hardness ranging fit>m about 58 to 62 Rockwell C in order to optimally provide 
hi^ strength and wear resistance. 

The expansion oone 2555 may be coupled to the outside sealing mandrel 
2545 using any number of conventional oonunerdally available medianical 
couplings such as, for example, drilliHpe connection, oilfidd country tubular 
30 goods specialty threaded connection, welding amorphous bonding or a standard 
threaded connection. In a preferred embodimmt, the eqiansion cone 2555 is 
coupled to the outside sealing mandrel 2545 using a standard threaded 
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connectioD in order to optimally provide high strength and easy replacement of 
the expansion cone 2$56. 

The casing 2560 is removably coupled to the slips 2525 and expansion 
cone 2555. The casing 2560 preferably comprises a tubular member. The 
5 casing 2560 may be fabricated from any number of conventional commercially 
available materials such as, for example, slotted tubulars, oilfield country 
tubular goods, low alloy steel, carbon steel, stainless steel or other similar high 
strength materials^ In a preferred embodiment, the casing 2560 is fabricated 
from oilfield country tubular goods available frtim various foreign and domestic 
10 steel mills in qrder to optimally provide hi|^ strength using standardized 
materials. 

In a preferred embodiment, the upper end 2665 of the casing 2560 
includes a thin wall section .2670 and an outer atTn "i« r sealing member 2675. 
In a preferred embodiment^ the wall thickness of the thin wall section 2670 is 

15 about 50 to 100% of the r^ular wall thickness of the casing 2560. In tins 
manner, the upper end 2665 of the casing 2560 may be easily radially expanded 
and deformed into intimate contact with the lower rad of an existing section of 
weUbore casing. In a prefenred embodiment, the tower end of the existing 
section of casing also includes a thin wall section. In this manner, the radial 

20 expanrionofthethin walled section 2670 of casing 2560 into the thin walled 
section of the existing wellbore casing results in a wellbore casing having a 
substantially constant inside diameto*. 

The annular sealing member 2675 may be fabricated from any number of 
conventional oommerdaUy available sealing materials such as, for example, 

25 epo^, rubber, metal, or plastic In a preferred embodiment, the anniiUr 

sealing member 2675 is fabricated from StrataLock qxu^ in order to optimally 
provide compressibility and resistance to wear. The outside diameter of the 
annular sealing member 2675 preferably ranges from about 70 to 95 % of the 
inside diameter of the low« section of the wellbore casing that the casing 2560 

30 is joined to. In this manner, after radial expansion, the <»nn"?flr sealing member 
2670 optimal^ provides a fluidic seal and also preferably optimally provides 
sufficient fiictional force with the inside surface of (She gyiating section of 
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wellbore casing during the radial expansion of the casing 2560 to support the 
casing 2560. 

In a preferred embodiment, the lower end 2680 of the casing 2560 
includes a thin wall section 2685 and an outer annular sealing member 2690. 
5 In a pref(»rred embodiment, the wall thickness of the thin wall section 2685 is 
about 50 to 100 % of the regular wall thickness of the casing 2560. In this 
manner, the lower end 2680 of the casing 2560 nu^ be eaaify expanded and 
deformed. Furthermore, in this manner, an other section of casing may be 
easily joined with the lower end 2680 of the casing 2560 using a radial 
10 expansion process. In a preferred embodiment, the upper end of the other 
section of casing also includes a thin wall section. In this mann^, the radial 
expansion of the thin walled section of the upper end of the other casing into 
the thin walled section 2685 of the lower end 2680 of the casing 2560 results in 
a wellbore casing having a substantially constant inside diameter. 

15 The annular sealing member 2690 may be fabricated from any numbo^ of 

conventional commercially available sealing materiala such as, for example, 
rubber, metal, plastic or epoxy. In a preferred embodiment, the annular sealing 
member 2690 is fabricated from StrataLock epoxy in order to optimally provide 
compressibility and resistance to wear. The outside diameter of the annular 

20 sealing member 2690 preferably ranges from about 70 to 95 % of the inside 
diameter of the lower section of the existing wellbore casing that the casing 
2560 is joined to. In this manner, after radial expansion, the annular sealing 
member 2690 preferab^ provides a fluidic seal and also preferabliy provides 
sufficient frictional force with the inside wall of the wellbore during the radial 

25 expansionof the casing 2560 to support the casing 2560. 

During operation, the apparatus 2500 ia preferably poaitaonedin a 
weUbore with the upper end 2665 of the casing 2560 positioned in an 
ov^lapping relationship with the lower end of an esdstang wellbore casing. In a 
particularly preferred embodiment, the thin wall section 2670 of the casing 

30 2560 ia positioned in opposing overlapping relation with the thin wall section 
and outer annular sealing member of the lower end of the existing section of 
wellbore casing. In this manner, the radial expansion of the casing 2560 will 
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compress the thin wall sections and annular compressible members of the upper 
end 2665 of the. casing 2560 and the lower end of the existing wellbore casing 
into intimate contact. During the positioning of the apparatus 2500 in the 
wellbore, the casing 2560 is supported by the expansion cone 2555: 
5 After positioning of the apparatus 2500. a first fluidic material is then 

pumped into the fluid passage 2565. The first fluidic material may comprise 
any number of conventional commercially available materials such as, for 
example, cement, water, slag-mix, epaxy or drilling mud. In a preferred 
embodiment^ the first fluidic material comprises a hardenable fluidic sealing 
10 material such as, for example, cement^ epoxy, or slag-mix in order to optimally 
provide a hardenable outer annular boc^ around the expanded casing 2560. 

The first fluidic material may be pumped into the fluid passage 2565 at 
operating pressures and flow rates ranging, for example, from about 0 to 4,500 
psi and 0 to 3,000 gallons/minute. In a preferred embodiment, the first fluidic 
15 matmal is pumped into the fluid passage 2565 at operating pressures and flow 
rates ranging from about 0 to 3,500 psi and 0 to 1,200 gallona/minute in order 
to optimally provide operational efficiency. 

The first fluidic material pumped into the fluid passage 2565 passes 
through the fluid passages 2570, 2575, 2580, 2590, 2600 and then outside of the 
20 apparatus 2500. The first fluidic material Uien pref^ably fills the annular 
region between the outside of the apparatus 2500 and the interior walls of the 
wellbore. 

The plug 2655 is then introduced into the fluid passage 2565. Theplug 
2655 lodges in the throat passage 2650 and fluidicly isolates and blocks off the 

25 fluid passage 2590. In a preferred enibodim»t» a couple of volumes of anon- 
hardenable fluidic material are then punqied into the fluid passage 2565 in 
order to remove any hardmable fluidic matmal contained within and to ensure 
that none of the fluid passages are blocked. 

A second fluidic material is then pumped into the fluid passage 2565. 

30 The second fluidic material may comprise any number of conventional 
commercially available materials such as, for example, water, drilling gases, 
drilling mud or lubricant In a preferred embodiment, the second fluidic 
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material comprises a non<hardenabIe Ouidic material such as» for example, 
water, drilling mud, or lubricant in order to optimally provide pressurization of 
the pressure chamber 2660 and minimize friction. 

The second Quidic material may be pumped into the fluid passage 2565 at 
5 operating pressures and flow rates ranging, for example, from about 0 to 4,500 
psi and 0 to 4,500 gaUona/minute. In a preferred embodiment, the second 
fluidic material is pumped into the fluid passage 2565 at operating pressures 
and flow rates ranging from about 0 to 3,500 psi and 0 to 1,200 gallooa/minute 
in order to optimally provide operational efiEiciency. 
10 The second fluidic material pumped into the fluid passage 2565 passes 

through the fluid passage 2570, 2575, 2580, 2590 and into the pressure 
chambm 2605 of the slips 2525, and into the pressure chamber 2660. 
Continued punqung of the second fluidic matmal pressurizes the pressure 
chambers 2605 and 2660. 
15 The pressurization of the pressure chamJbers 2605 causes the shp 

members 2525 to expand in the radial direction and grip the interior surface of 
the casing 2560. The casing 2560 is then preferably maintained in a 
substantially stationazy position. 

The pressurization of the pressure chamber 2660 causes the upper 
20 sealing head 2535, outer sealing mandrel 2545 and expimaion cone 2555 to 
move in an aadal direction relative to the casing 2560. In this manner, the 
expansion cone 2555 will cause the casing 2560 to expand in the radial 
direction, beginning with the lower end 2685 of the casing 2560. 

During the radial expansion process, the casing 2560 is prevented from 
25 moving in an upward direction by the slips 2525. A length of the casing 2560 is 
then expanded in the radial direction through the pressurization of the pressure 
chambo: 2660. The length of the casing 2560 that is expanded during the 
expansion process will be proportional to the stroke length of the upper sealing 
head 2535, outer sealing mandrel 2545, and expansion cone 2555. 
30 Upon the completion of a stroke, the operating^ pressure of the second 

fluidic material is reduced and the upper sealing head 2535, outor sealing 
mandrel 2545, and expansion cone 2555 drop to their rest positions with the 
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casing 2660 supported by the expansion cone 2565. The position of the driUpipe 
2505 is preferably adjusted throughout the radial expansion process in order to 
maintain the overlapping relationship between the thin walled sections of the 
lower end of the existing wellbore casing and the upper end of the casing 2560. 
5 In a preferred embodiment, the stroking of the expansion cone 2555 is then 
repeated, as necessary. untO the thin walled section 2670 of the upper end 2665 
of the casing 2560 is expanded into the thin waUed section of the lower end of 
the existing wellbore casing. In this manner, a wellbore casing is formed 
including two a4jacent sections of casing having a substantially constant inside 
10 diameter. This process may then be repeated for the entirety of the wellbore to 
provide a wellbore casing thousands of feet in length having a substantially 
constant inside diameter. 

In a preferred embodiment, during the final stroke of the expansion cone 
2555, the slips 2525 are positioned as dose as possible to the thin walled section 
15 2670 of the upper end 2665 of the casing 2560 in order minimize slippage 
between the casing 2560 and the existing wellbore casing at the end of the 
radial expansion process. Alternatively, or in addition, the outside diameter of 
the annular sealing memb^ 2675 is selected to ensure sufficient interference fit 
with the inside diameter of the lower end of the existing casing to prevent axial 
20 displacement ofthe casing 2560 during the final stroke. Alternatively, or in 
addition, the outside diameter of the annular sealing member 2690 is selected 
to provide an interference fit with the inside walla of the wellbore at an earlier 
point in the ndM expansion process so as to prevent further axial displacement 
of the casing 2560. In this final alternative, the interfcraice fit is preferably 
25 sdected to pernaiteaqMnsion of the casing 2560 by pull^ 

2555 out of the wellbore. without having to pressurize the pressure chamber 
2660. 

During the radial expansion process, the pressurized areas of the 
apparatus 2500 are preferably limited to the fluid passages 2565, 2570, 2575, 
30 2580, and 2590. the pressure chambers 2605 within the slips 2525, and the 
pressure chamber 2660. No fluid pressure acts directiy on the casing 2560. 
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This permits the use of operating pressures higher than the casing 2560 could 
normally withstand. 

Once the casing 2560 has been completely expanded off of the expansion 
cone 2S55» the remaining portions of the i^paratus 2500 are removed from the 
5 weilbore. In a preferred embodunent, the contact pressure between the 
deformed thin wall sections and compressible nnmilAr members of the lower 
end of the existing casing and the upper end 2665 of the casing 2560 ranges 
from about 400 to 10»000 pai in order to optimally support the «i«iie 2560 
using the existing wdlbore casing. 
10 In this manner^ the casing 2560 is radially expanded into contact with an 

existing section of casing by pressurizing the interior fluid passages 2565, 2570, 
2575. 2580, and 2590, the pressure chambers of the slips 2605 and the pressure 
chamber 2660 of the apparatus 2500. 

In a preferred embodiment^ as required, the owwuinr body of hardenable 
15 fluidic material is then allowed to cure to form arigid outer annular body about 
the expanded casing 2560. In the case where the casing 2560 is slotted, the 
cured fluidic material preferably permeates and envelops the expanded casing 
2560« The resulting new section of weilbore casing includes the expanded 
casing 2660 and the rigid outer annular body. The overl^ping joint between 
20 the pre-existing weilbore casing and the expanded casing 2560 includes the 
deformed thin wall sections and the compressible outer nnnnlftr bodies. The 
inner diameter of the resulting combined weilbore casings is substantially 
constant In this nianner, a nK>no-diameter weilbore casing is formed. This 
process of expanding overlaiq;nng tubular members having thin wall end 
25 portions with compreaaible annular bodies into contact can be repeated for the 
entire length of a weilbore. In this manner, a mono-diameter weilbore casing 
can be provided for thousands of feet in a subterranean formation. 

In a preferred onbodiment, as the expansion cone 2555 nears the upper 
end 2665 of the casing 2560, the operating pressure of the second fluidic 
30 material is reduced in order to minimize shock to the apparatus 2500. In an 
alternative embodimdit^ the apparatus 2500 indudea a shock absorber for 
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absorbing the shock created by the completion of the radial expansion of the 
casing 2560. 

In a preferred embodiment, the reduced operating pressure of the second 
fluidic material ranges from about 100 to 1,000 psi as the expansion cone 2555 
5 nears the end of the casing 2560 in ordex to optimally provide reduced axial 
movement and velocity of the expansion cone 2555. In a preferred embodiment, 
the operating pressure of the sectmd fluidic material is reduced during the 
return siroke of the apparatus 2500 to the range of about 0 to 500 psi in order 
minimize the resistance to the movement of the expansion cone 2555 during the 
10 return stroke. In a preferred embodiment, the stroke length of the apparatus 
2500 ranges from about 10 to 45 feet in order to optimally provide equipments 
lengths that can be easily handled using typical oil weU rigging equipment and 
also minimize the frequency at which ^iparatus 2500 must be re-stroked. 
In an alternative embodiment, at least a portion of the upper sealing 
15 head 2535 includes an expansion cone for radially expanding the casing 2560 
during operation of the apparatus 2500 in order to increase the surface area of 
the casing 2560 acted upon during the radial expansion process. In this 
manner, the operating pressures can be reduced. 

Alternatively, the apparatus 2500 mqr be used to join a first section of 
20 pipeline to an existing section of pqieiine. Alternative, the apparatus 2600 
may be used to directly line the interior of a wellbore with a casing, without the 
use of an outer annular layer of a hardenable materiaL Alternatively, the 

apparatus 2500 may be used to expand a tubular support member in a hole. 
Refetxing now to Figures 19, 19a and 19b, another embodiment of an 

25 apparatus 2700 for expanding a tubular member wiU be described. The 
apparatus 2700 preferably mcludes a driUpipe 2706, an mnerstring adapter 
2710, a sealing sleeve 2715, a first inner sealing mandrel 2720, a first upper 
sealing head 2725, a first lower sealing head 2730, a first outer sealing mandrel 
2735, a second inner sealing mandrel 2740, a second upper sealing head 2745, a 

30 second lower sealing head 2750, a second outer sealing mandrel 2755, a load 
mandrel 2760, an expansion cone 276S, a mandrel launcher 2770, a mechanical 
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aUp body 2775, mechanical slips 2780, drag blocks 2785, casing 2790, and fluid 
passages 2795, 2800, . 2805, 2810, 2815, 2820, 2825. and 2830. 

The drillpipe 2705 ia coupled to the innerstring adapter 2710. During 
operation of the apparatus 2700, the driUpipe 2705 supports the apparatus 
5 2700. The drillpipe 2705 preferably comprises a substantially hollow tubular 
member or members. The driUpipe 2705 may be fidnicated from any number of 
conventional commerdaUy available materials such as. for eiampie^ oilfield 
countiy tubular goods, low aUpy steel, carbon steel, stainless steel, or other 
simihir high strength materials. In a preferred embodiment, the driUpipe 2705 
10 is fabricated from coiled tubing in ordw to facilitate the placement of the 

apparatus 2700 in non-vertiGal wellbores. The driUpipe 2705 may be coupled to 
the inneistring adapter 2710 using any number of conventional commerdaUy 
available mechanical couplings such as, for example, driUpipe connection, 
oilfield country tubular goods specialty threaded connection, or a standard 
15 threaded connection. In a preferred embodiment, the driUpipe 2705 ia 

removably coupled to the innerstring adapter 2710 by a driUpipe connection in 
order to optimaUy provide high strength and easy disassembly. 

The driUpipe 2705 preferably includes a fluid passage 2795 that is 
adapted to convqr fluidic materials from a surface location into the fluid 
20 passage 2800. In a preferred embodiment, the fluid paissage 2796 is adapted to 
convey fluidic materials such as, for example, cement, epoxy, water, driUing 
mud or lubricants at operating pressures and flow rates ranging fi^m about 0 to 
9,000 psi and 0 to 3,000 gallona/minute. 

The innerstring ad^rtar 2710 is coupled to the drill string 2705 and the 
25 sealing sleeve 2715. The innentring adapter 2710 preferably comprises a 
substantially hoUow tubular member or manbers. The innerstring adapter 
2710 may be fabricated from any number of oonvoitional commerciaUy 
available m ate ri als such as, for exanq)le, oUfidd countiy tubular goods, low 
aUoy steel, carbon steel, stainless sted or other similar hi^ strength materials. 
30 In a preferred embodiment, the innerstring adapter 2710 is fabricated from 
stainless steel in ordei- to optimaUy provide high strength, corrosion resistance, 
and low fiiction surfaces. 
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The innerstrmg adapter 2710 may be coupled to the drill string 2705 
using any number of conventional Qonunerdally available mechanical couplings 
such aa, for example, drillpipe connection, oilfield country tubular goods 
specialty threaded connection, or a standard threaded connection.- In a 
5 preferred embodiment, the innerstring adapter 2710 is removably coupled to 
tiie driU pipe 2705 by a standard threaded connection in order to optimally 
provide high strength and eaay disassembly. The innerstring adapter 2710 may 
be coupled to the sealing sleeve 2715 using any number of conventional 
commercially available mechanical couplings such as, for example, drillpipe 
10 connection, oilfield countzy tubular goods specialty ^rpe threaded connection, 
ratchet-latch type threaded connection or a standard threaded connection. In a 
preferred embodiment, the innerstring ad^^ter 2710 is removably coupled to 
the sealing sleeve 2715 by a standard threaded connection. 

The innerstring adapter 2710 preferably includes a fluid passage 2800 
15 that is adapted to convey fluidic materials from the fluid passage 2795 into the 
fluid passage 2805. In a preferred embodiment, the fluid passage 2800 is 
adapted to convey fluidic materiak audh as, for example, cement, epoxy, water, 
drilling mud or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 pd and 0 to 3,000 gallona/minute. 
20 The sealing sleeve 2715 is coupled to the innerstring adapter 2710 and 

the first inner sealing mandrel 2720. The sealing sleeve 2715 preferably 
comprises a substantially hoUow tubular member or members. The sealing 
sleeve 2715 may be Cabricated from any number of conv«itional commercially 
available materials auch aa, for example, oilfield country tubular goods, low 
25 alloy steel, carbon steel, stainless steel or otho* simflar hi^ strength materials. 
In a preferred embodiment, the sealing sleeve 2715 is fabricated Ecom stainless 
steel in order to optimally provide high strength, corrosion resistance, and low 
friction surfaces. 

The sealing sleeve 2715 may be coupled to the innmtring adapter 2710 
30 using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield countiy tubular goods 
specialty type threaded connection, welding, amorphous bonding, or a standard 
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threaded coQnection. In a preferred embo dim ent, the sealing sleeve 2715 is 
removably coupled to the innerstrii^g adapter 2710 by a standard threaded 
connector. The scaling sleeve 2715 may be coupled to the first inner sealing 
mandrel 2720 using any numBer of conventional commercially available 
5 mechanical coupUni^ such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, welding, amorphous bonding 
or a standard threaded connection. In a preferred embodiment, the sealing 
sleeve 2715 is removably coupled to the inner sealing mandrel 2720 by a 
standard threaded connection. 
10 The sealing sleeve 2715 preferably indudes a fluid passage 2802 that is 

ad^ted to convey fluidic materials from the fluid passage 2800 into the fluid 
passage 2805. In a preferred embodiment, the fluid passage 2802 is adapted to 
convey fluidic m a t e ri al such as, for example, cement, epoxy, water, drilling 
mud or lubricants at operating pressures and flow rates ranging from about 0 to 
IS 9,000 psi and 0 to 3,000 gallons/minute. 

The first inner sealing mandrel 2720 is coupled to ^e sealing sleeve 2715 
and the first lower sealing head 2730. The first inner sealing mandrel 2720 
preferably comprises a substantiaily hollow tubular member or members. The 
first inner sealing mandrel 2720 may be fabricated from any number of 
20 conventioDal commerdalty available materials such as, for example, oilfield 
countzy tubular goods, low aUoy steel, carbon steel, stainless steel or other 
similar high strength materials. In a preferred embodiment, the first inner 
sealingmandrel 2720 ia fabricated from stainless steel in order to optimaUy 
intivide high strength, corrosion resistance, and low fiiction surfaces. 
25 The first inner sealing mandrel 2720 may be coupled to the sealing sleeve 

2715 using any number of conventional commercially avaflable meciianical 
couplings such as, for example, drillpipe connection oilfield country tubular 
goods specialty threaded connection, wdding, amorphous bonding, or a 
standard threaded connection. In a preferred embodiment, the first inner 
30 sealing mandrel 2720 is removably coupled to the sealing sleeve 2715 by a 
standard threaded, connection. The first inner sealing mandrel 2720 may be 
coupled to the first lower sealing head 2730 using any number of conventional 
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cozzunerdally available mechanical couplings such as, for example, drillpipe 
connection, oilfield countxy tubular goods specially type threaded connection, 
welding, amorphous bonding, or a standfixd threaded connection. In a preferred 
embodiment, the first inner sealing mandrel 2720 is removably coupled to the 
5 first lower sealing head 2730 by a standard threaded connection. 

The first inner sealing mandrel 2720 preferably includes a fluid passage 
2805 that is adapted to convey fluidic materials fi*om the fluid passage 2802 into 
the fluid passage 2810. In apreferred embodiment, the fluid passage 2805 is 
adapted to convey fluidic materials such as, for eatample, cement, epoxy, water, 
10 drilling mud or lubricants at operating pressures and flow rates ranging fit>m 
about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The first upper sealing head 2725 is coupled to the first outer sealing 
mandrel 2735, the second upper sealing head 2745, the second outer sealing 
mandrel 2755, and the expansion cone 2765. The first upper sealing head 2725 
15 is also movably coupled to the outer surface of the Sxst inner sealing mandrel 
2720 and the inner siuf ace of the casing 2790. In this manner, the first upper 
sealing head 2725 reciprocates in the axia'. directioa. The radial clearance 
between the inner cylindrical surface of the first upper sealing head 2725 and 
the outer surface of the first inner sealing mandrel 2720 may range, for 
20 example, from about 0*0025 to 0.05 inches. In a preferred embodiment, the 
radial clearance between the inner cylindrical surface of the first upper sealing 
head 2725 and the outer surfiace of the first inner sealing mandrel 2720 ranges 
from about 0.005 to 0.125 indies in order to optimally provide wiinittmi radial 
clearance. The radial dearanoe between the outer ^indrical surface of the 
25 first upper sealing head 2725 and the inner surface of the casing 2790 may 
range, for ezanqile, firom about 0.025 to 0.375 inches. In a preferred 
embodimrat, the radial dearance between the outer ^lindrical surface of the 
first upper sealing head 2725 and the inner surface of the casing 2790 ranges 
from about 0.025 to 0.125 inches in order to optimally provide stabilization for 
30 the expansion cone 2765 during the expansion process. 

The first upper sealing head 2725 preferably comprises an annular 
member having substantially cylindrical inner and outer surfaces. The first 
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upper sealing head 2725 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield countiy tubular 
goods, low aUoy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the first upper sealing head 2725 is 
6 fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance and low friction surfiues. The inner surface of the first 
upper sealing head 2725 preferab^ includes one or morte annular sealing 
members 2835 for sealing the interSace between the first upper sealing head 
2725 and the first inner sealing mandrel 2720. The sealing memben 28S5 may 
10 comprise auy number of conventional commercially available annular sealing 
members such as, for example, o-rings, polypak seals or metal spring energized 
seals. In a preferred embodiment, the sealing members 2835 comprise polypak 
seals available fivm Parker Seals in order to optimally provide sealing for long 
axial strokes. 

15 In a I^efwredembodimait, the first upper sealing head 2725 includes a 

shoulder 2840 for supporting the first upper sealing head 2725 on the first 
lower sealing head 2730. 

The first upper sealing head 2725 may be coupled to the first outer 
sealing mandrel 2735 using any number of conventional oommerdaUy available 
20 mechanical oouptings such as, for example. driUpipe connection, oilfield country 
tubular goods specialty threaded connection, welding, amorphous bonding or a 
standard threaded connection. In a preferred embodiment, the first upper 
sealing head 2725 is cemovabfy coupled to the first outer sealing mandrel 2735 
by a standard threaded connection. In a preferred embodiment, the 

25 mechanicalooupUng between the first upper sealing head 2725 and the first 
outv sealing mandrd 2735 indudee one or more scaling members 2845 for 
nuidicly sealing the interfoce between the first upper sealing head 2725 and the 
first outer sealing mandrel 2735. The sealing members 2846 may comprise any 
number of conventional commordaUy available sealing members such as, for 

30 example, o-rings, polypak seab or metal spring energized seals. In a preferred 
embodiment, the sealing members 2845 comprise polypak seals available from 
Parker Seals in order to optimaUy provide sealing for long axial strokes. 
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The Grst lower sealing head 2730 is coupled to the first inner sealing 
mandrel 2720 and the second inner.sealing mandrel 2740. The first lower 
sealing head 2730 ia also movably coufded to the inner surface of the first outer 
sealing mandrel 2735. In this manner, the first upper sealing head 2726 and 
5 first outer sealing mandrel 2735 reciprocate in the aadal direction. The radial 
clearance between the outer surface of the first lower sealing head 2730 and the 
inner surface of the first outer sealing mandrel 2735 m^ range, for example, 
from about 0.0025 to 0.05 inches. In a preferred embodiment, the radial 
clearance between the outer surface of the first lower sealing head 2730 and the 
10 inner surface of the first outer sealing mandrel 2735 ranges from about 0.0O5 to 
0.01 indies in order to optimally provide minimal radial clearance. 

The first lower sealing head 2730 preferably cominises an annular 
member having substantially cylindrical inner and outer surfaces. The first 
lower sealing head 2730 may be fabricated from any number of conventional 
15 commercially available materials such as, for example, oilfield countxy tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. In a farefored embodiment, the first lower sealing head 2730 is 
fabricated from stainksa steel in order to optimally provide hi^ strength, 
corrosion resistance and low friction suifaoes. The outer surfooe of the first 
20 lower sealing head 2730 preferably includes one or nune annular sealing 
members 2850 for sealing the interface between the first lower sealing head 
2730 and the first outer sealing mandrd 2795. The sealing membera 2850 mi^ 
comprise any number of conventional ccnnmsrdalfy available annular sealing 
members such as, for example, o-rings, polypak seab or metal spring energized 
25 s^. In a preferred enibodiment, the sealing members 2850 comprise polypak 
seals available frtnn Parlur Seals in ordn to optimally provide sealing for long 
axial strokes. 

The first lower sealing head 2730 may be coupled to the first inner 
sealing mandrel 2720 using any number of conventional commercially available 
30 mechanical couplings such aa, for exampla, oilfield country tabular goods 
specialty threaded connections, welding, anunphous bonding, or standard 
threaded connection. In a preferred embodiment, the first lower sealing head 
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2730 is removably coupled to the first inner sealing mancirel 2720 by a standard 
threaded connection. . In a preferred embodiment, the mechanical coupling 
between the first lower sealing head 2730 and the first inner sealing mandrel 
2720 includes one or more sealing members 2855 for fluididy sealing the 
5 interface between the first lower sealing head 2730 and the first inner sealing 
mandrel 2720. The sealing members 2855 may comprise any number of 
conventional conunerdally available sealing members such aa, for example, o- 
rin^, polypak seals or metal spring enargized seals. In a preferred 
embodiment^ the sealing members 2855 comprise poljrpak seals available from 
10 Parker Seals in order to optimaUy provide sealing for long axial strokes. 

The first lower sealing head 2730 may be coupled to the second inner 
sealing mandrel 2740 using any number of conventional conunerdally available 
mechanical couplings such as, for example, oilfield country tubular goo^ 
specialty threaded connection, welding, amorphous bonding, or a standard 
15 threaded connection. In a preferred embodiment^ the lower sealing head 2730 
is removabfy coupled to the second inner sealing mandrel 2740 by a standard 
threaded connection. In a prd'erred embodiment^ the mechanical coupling 
between the first lower sealing head 2730 and the second inner sealing mandrel 
2740 includes one or more sealing members 2860 for fluidic^^ sealing the 
20 interface between the first lower sealing head 2730 and the second inner sealing 
mandrel 2740. The sealing members 2860 may conqmse any number of 
conventional commerciaUy available sealing members such as, for example, o* 
ringSt po^ypak seals or metal spring energized seala. In a preferred 
embodiment^ the sealing ni^nbers 2860 comprise polypak seab available fi« 
25 Parker Seals in order to optimaQjr provide sealing for long axial strokes. 

The first outer sealing mandrel 2735 ia coupled to the first upper sealing 
head 2725, the second upper sealing head 2745, the second outer sealing 
mandrel 2755| and the expansion cone 2765. The first outer sealing mandrel 
2735 is also movably coupled to the inner surface of the casing 2790 and the 
30 outer surface of the first lower sealing head 2730. In this manner, the first 
upp^ sealing head 2725, first outer sealing mandrel 2735, second uppv sealing 
head 2745, second outar sealmg mandrel 2755. and the expansion cone 2765 
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reciprocate in the axial direction. The radial clearance between the outer 
surface of the first outer sealing mandrel 2735 and the inner surface of the 
casing 2790 may range, for example, from about 0.025 to 0.375 inches. In a 
preferred embodiment, the radial clearance between the outer surface of the 
5 first outtf sealing mandrel 2735 and the inner surface of the casing 2790 ranges 
from about 0.025 to 0.125 inches in order to optimally provide stabilization for 
the expansion cone 2765 during the expansion process. The radial clearance 
between the inner surface of the first outer sealing mandrel 2735 and the outer 
surface of the first lower sealing head 2730 may range, for example, from about 
10 0.0025 to 0.05 inches. In a preferred embodiment, the radial clearance between 
the inner surface of the first outer sealing mandrel 2735 and the outer surface 
of the first lower sealing head 2730 ranges from about 0.005 to 0.01 inches in 
order to optimally provide mmi'mfll radial clearance. 

The outer sealing mandrel 1935 preferably comprises an annular 
15 member having substantially cylindrical inner and outer sturfaces. The first 
outer sealing mandrel 2735 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred ^nbodiment, the first outer sealing mandrel 2735 is 
20 fabricated torn stainless steel in ordo* to optimally provide high strength, 
corrosion resistance, and low friction surfaces. 

The first outer sealing mandrel 2735 may be coupled to the first upper 
sealing head 2725 using any number of conventional commercially available 
mechanical oouplingB such as, for example, oilfield country tubular goods, 
25 welding, amorphous bonding, or a standard threaded connection. In a preferred 
^nbodiment, the first outer sealing mandrel 2735 is removably coupled to the 
first upper sealing head 2725 by a standard threaded connection. The first 
out^ sealing mandrel 2735 may be coupled to the second upper sealing head 
2745 using any number of conventional commercially available mechanical 
30 couplings such as, for example, oilfield country tubular goods specialty threaded 
connection, welding, amorphous bonding, or a standard threaded connection. 
In a preferred embodiment, the first outer sealing mandrel 2735 is removably 
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coupled to the second upper sealing head 2745 by a standard threaded 
oonnectioD* 

The second inner sealing mandrel 2740 is coupled to the first lower 
sealing bead 2730 and the second lower sealing head 2750. The second inner 
5 sealing mandrel 2740 preferably comprises a substantially hoUow tubular 
member or membm. The second inner sealing mandrel 2740 may be fabricated 
firom any number of conventional oommerdaUy availabte materials such as, for 
example, oilfield oountiy tubular goods, low alloy steel, carbon steel, stainless 
steel or othet similar high strength materials. In a preferred embodiment, the 
10 second inner sealing mandrel 2740 is fabricated from stainless steel in order to 
optimally provide high strength, corrosion resistance, and low finction surfaces. 

The second inner sealing mandrd 2740 may be coupled to the first lower 
sealing head 2730 using any number of conventional commercially available 
mechanical couplings such as, for example, oilfield counby tubular goods 
15 specially threaded connection, welding, amorphous bonding, or a standard 
threaded connection. In a preferred embodiment, the second inner sealing 
mandrel 2740 is removably coupled to the first lower sealing head 2740 by a 
standard threaded connection. The mechanical coupling between the second 
inner sealing mandrel 2740 and the first lower sealing head 2730 preferably 
20 includes sealing members 2860. 

The second inner sealing mandrel 2740 may be coupled to the second 
lower sealing head 2750 using any number of conventional commercially 
available mechanical oouplinga such aa, for example, oilfield country tubular 
goods specialty threaded connectaon, welding, amorphous bonding, or a 
25 standard threaded connection. In a pr efei i e d embodiment, the second inner 
sealing mandrel 2720 ia removably coupled to the second lower sealing head 
2750 by a standard threaded connection. In a preferred embodiment, the 
mechanical coupling between the second inner sealing mandrel 2740 and the 
second lower sealing head 2750 indudea one or more sealing members 2865. 
30 The sealing members 2866 may comprise any number of conventional 
commercially available seals such as, for example, o-rings, polyp^k seals or 
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metal spring energized seals. In a preferred embodiment, the sealing members 
2865 comprise polypak seals available firom Parker Seals. 

The second inner sealing mandrel 2740 preferably includes a fltud 
passage 2810 that is adapted to convey fluidic materials firom the fluid passage 
5 2805 into the fluid passage 2815. In a preferred embodiment, the fluid passage 
2810 is adapted to convqr fluidic materials such as» for example, cement, epo^^, 
water, drilling mud or lubricants at opmting pressurea and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallons/miniite. 

The second upper sealing head 2745 is coupled to the first upper sealing 
10 head 2725, the first outer sealing mandrel 2735, the second outer sealing 
mandrel 2755, and the expansion cone 2765. The second upper sealing head 
2745 is also movably coupled to the outer surface of the second inner sealing 
mandrel 2740 and the inner surface of the casing 2790. In thia manner, the 
second upper sealing head 2745 redprocatea in the axial direction. The radial 
15 clearance between the inner cylindrical surface of the second ui^)er sealing head 
2745 and the outer surface of the second inner sealing mandrel 2740 may range, 
for example, from about 0.0025 to 0.05 indies. In a preferred embodiment, the 
radial dearance between the inner cylindrical surface of the second upper 
sealing head 2745 and the outer surface of the second inner sealing mandrel 
20 2740 ranges from about 0.005 to 0.01 inches in order to optimally provide 
minimal radial dearance. The radial dearance between the outer (^lindrical 
surface of the second upper sealing head 2745 and the inner surface of the 
casing 2790 may ran0B» for example, from about 0.025 to .375 inchee. Ina 
prtferred embodimfint» the radial dearance between the outer cylindrical 

25 surface of the second upper sealing head 2745 and the inner surface of the 
casing 2790 ranges from about 0.025 to 0. 12S inchee in order to optimal^ 
provide stabilization for the expansion cone 2765 during the expansion process. 

The second upper sealing head 2745 preferab^ comprises an annular 
member having substantially cylindrical inner and outer surfaces. The second 
30 upper sealing head 2745 may be fabricated fi^m any number of conventional 
commerdally available materiab such as, for example, oilfield country, tubular 
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goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the second upper sealing head 2745 is 
fabricated from stainless steel in order to optinially provide high sb^gth, 
corrosion resistance, and low friction surfaces. The inner surfaceuif the second 
5 upper sealing head 2745 preferabfy includes one or more anniUar sealing 
members 2870 for sealing the interface betwera the second upper sealing head 
2745 and the second inner sealing mandrel 2740. The sealing members 2870 
may comprise any number of conventional commerdally available annular 
sealing measbers such as, for example, o-rings, po|ypak seals, or metal spring 
10 energized seals. In a prefmed embodiment, the sealing members 2870 
comprise polypak seals available from Parker Seals in order to optimally 
provide sealing for long axial strokes. 

In a preferred embodiment, the second upper sealing head 2745 includes 
a shoulder 2875 for supporting the second upper sealing head 2745 on the 
15 second lowCT sealing head 2750. 

The second upper sealing head 2745 may be coupled to the first outer 
sealing mandrel 2735 using any number of conventional commercially available 
mechanical couplings such as, for example, driUinpe connection, oilfield countiy 
tubular goods spedaliy threaded connection, ratchet-latch type threaded 
20 connection, or a standard threaded connection. In a pi^erred embodiment, the 
second upper sealing head 2745 is removably coupled to the first outer sealing 
mandrel 2735 by a standard threaded connection. In a preferred embodiment, 
the mechanical coupling between the second upper sealing head 2745 and the 
first outer sealing mandrel 2735 includes one or more sealing members 2880 for 
25 fluidid^ sealing the interface between the second upper sealing head 2745 and 
the first outer sealing mandrd 2735. The sealing mraibers 2880 may comprise 
any number of conventional oonunerdaUy available sealing membm such as, 
for ezamide, o-rings, polypak seals or metal spring energized seals. In a 
preferred embodiment, the sealing members 2880 comprise polypak seals 

30 available from Parker Seab in ord« to optimally provide sealing fo^ 

stroke. 
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The second upper sealing head 2745 may be coupled to the second outer 
sealing mandrel 27Q5 using any number of conventional commmaaUy available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, or a standard threaded 
5 connection. In a preferred embodiment, the second upper sealing head 2745 is 
removably coupled to the second outer sealing mandrel 2755 by a standard 
threaded connection. In a preferred embodiment, the medianical coupling 
between the second upper sealing head 2745 and the second outer sealing 
mandrel 2755 includes one or more sealing members 2885 for fhiididy sealing 
10 the interface between the seoond upper sealing head 2745 and the second outer 
sealing mandrel 2755. The sealing members 2885 may comprise any number of 
conventional commercially available sealing members such as, for example, o- 
rings, polypak seals or metal spring energized seals. In a preferred 
embodiment, the sealing members 2885 comprise polypak seals available from 
15 Parker Seals in order to optimally provide sealing for long axial strokes. 

The second lower sealing head 2750 is coupled to the second inner 
sealing mandrel 2740 and the load mandrel 2760. The second lower sealing 
head 2750 is also movably coupled to the inner surface of the second outer 
sealing mandrel 2755. In this manner, the first upper sealing head 2725, the 
20 first outer sealing mandrel 2735, second upper sealing head 2745, second outer 
sealing mandrel 2755, and the expansion cone 2765 reciprocate in the axial 
direction. The radial clearance between the ouUat surface of the second lower 
sealing head 2750 and the inner surface of the second outer sealing mandrel 
2755 may range, for example, fit>m about 0.0025 to 0.05 inches. Inapreferred 
25 embodimoit, the radial clearance betweod the outer surface of the second lower 
sealing head 2750 and the inner surface of the second outer sealing mandrel 
2755 ranges from about 0.005 to 0.01 inches in ordn to optimally provide 
minimal radial clearance. 

The second lower sealing head 2750 preferably comprises an annular 
30 member having substantially cylindrical inner and outer surfaces. The second 
lower sealing head. 2750 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield country tubular 
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goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materiab. In a preferred end)odiment, the second lower sealing head 2750 is 
fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction snrfacea. The outer surface of the second 
5 lower sealing head 2750 prefo'ably includes one or more annular sealing 
members 2890 for sealing the interface between the second lower sealing head 
2750 and the second outer sealing mandrel 2755. The sealing members 2890 
may comprise any number of conventional commerciaUy available annular 
sealing members such as, for example, o-rings, polypak seals or metal spring 
10 energized seals. In a prefwred embodiment^ the sealing members 2890 
comprise polypak seals available Bcom Paiicer Seals in order to optimally 
provide sealing for long axial strokes. 

The second lower sealing head 2750 may be coupled to the second inner 
sealing numdrel 2740 using any number of conventional commercially available 
15 mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty threaded connection, ratchet-latch type threaded 
connection, or a standard threaded connection. In a preferred embodiment, the 
second lower sealing head 2750 is rraiovably coupled to the second inn^ sealing 
mandrel 2740 fay a standard threaded connection. In a preferred embodiment, 
20 the mechanical coupling between the second lower sealing head 2750 and the 
second inner sealing mandrel 2740 includes one or more sealing members 2895 
for fluidicly sealing jUie interface between the second sealing head 2750and the 
second sealing mandrel 2740. The sealing members 2895 may comprise any 
number of conventional commercially available sealing members sudi as, for 
25 example, o-rings, polypak seala or metal spring energized seals. In a preferred 
embodiment, the sealing members 2895 comprise po^jrpak seals available from 
Park^ Seals in order to optimally provide sealing for a long axial stroke. 

The second lower sealing head 2750 may be coupled to the load mandrel 
2760 using any number of conventional commerciaUy available mechanical 
30 couplings such as, for example, drillpipe connection, oilfield tubular goods 
specialty threaded connection, ratchetrlatch type threaded connection, or a 
standard threaded connection. In a preferred embodiment, the second lower 
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sealing head 2750 is removably coupled to the load mandrel 2760 by a standard 
threaded connection. In a preferred embodiment, the mechcmical coupling 
between the second lower sealing head 2750 and the load mandrel 2760 
includes one or more sealing members 2900 for fluididy sealing the interface 
5 between the second lower sealing head 2750 and the load mandrel 2760. The 
sealing membm 2900 may comprise any number of conventional commercially 
available sealing members such as, for example, o-ringsi poJ^Xpak seals or metal 
spring energized seals. In a prefmed embodiment^ the sealing members 2900 
comprise polypak seals available from Parker Seals in order to optimally 
10 provide sealing for long axial strokes. 

In a preferred embodiment, the second lower sealing head 2750 indudes 
a throat passage 2905 fluididy coupled between the fluid passages 2810 and 
2815. The throat passage 2905 is preferably of reduced size and is adapted to 
receive and engage with a plug 2910, or other similar device. In this manner, 
15 the fluid passage 2810 is fluididy isolated from the fluid passage 2815. In this 
manner, the pressure chambers 2915 and 2920 are pressurized. The use of a 
plurality of pressure chambers in the apparatus 2700 permits the effective 
driving force to be mtdtiplied. While illustrated using a pair of pressure 
chambers, 2915 and 2920, the apparatus 2700 may be further modified to 
20 employ additional pressure chambers. 

The second outer sealing mandrel 2755 is coupled to the first upper 
sealing head 2725, the first outer sealing mandrel 27S5, the second upper 
sealing head 2745, and the expansion cone 2765. The second outer sealing 
mandrel 2755 ia also movably coupled to the inner surface of the casing 2790 
25 andtheouter surface of the second lowor sealing head 2750. In this manner, 
the first upper sealing head 2725, first outer sealing mandrel 2735, second 
upper sealing head 2745, second outer sealing mandrel 2755, and the expansion 
cone 2765 redprocate in the axial direction. 

The radial dearance betwera the outer surface of the second outer 
30 sealing mandrd 2755 and the inner surface of the casing 2790 may range, for 
example, from about 0.025 to 0.375 indies. In a preferred embodiment, the 
radial dearance between the outer surface of the second outer sealing mandrel 
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2755 and the inner surface of the casing 2790 ranges from about 0.025 to 0.125 
inches in order to optimally provide stabilization for the expansion cone 2765 
during the expansion process. The radial clearance between the inner surface 
of the second outer sealing mandrel 2755 and the outer surface of the second 
5 lower sealing head 2750 may range, for example, from about 0.0025 to 0.05 
inches. In a preferred embodiment, the radial clearance between the inner 
surface of the second outer sealing mandrel 2755 and the outer surface of the 
second lower sealing head 2750 ranges from about 0,005 to 0.01 inches in order 
to optimally provide minimal radial clearance. 
10 The second outer sealing mandrel 2755 preferably comprises an annular 

member having substantially cylindrical inner and outer surfaces. The second 
outer sealing mandrel 2755 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield countiy tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strengtli 
15 materials. In a preferred enibodiment^ the second outer sealing mandiel 2755 is 
fabricated from stainless steel in order to optimaUy provide hi^ strength, 
corrosion resistance, and low friction surfaces. 

The second outar sealing mandrel 2755 may be coupled to the second 
upper sealing head 2745 using any number of conventional commercially 
20 available mechanical couplings such as, for example, drillpipe connection, 
oilfield country tubular goods specialty threaded connection, ratcheMatch type 
threaded connection or a standard threaded connection. In a preferred 
embodiment^ the second outeat sealing mandrel 2755 is removably coupled to 
the second uppv sealing head 2745 by a standard threaded connection. The 
25 second outer sealing mandnd 2765 may be coupled to the expansion cone 2765 
using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield country tubular goods 
specialty type threaded connection, ratchet-latch type threaded connection, or a 
standard threaded connection. In a preferred embodiment, the second outer 
30 sealing mandrel 2755 is removably coupled to the expansion cone 2765 by a 
standard threaded connection. 

- 182 - 



SUBSTITUTE SHEET (RULE 26) 



wo 00/77431 



PCT/ILOO/00245 



The load mandrel 2760 is coupled to the second lower sealing head 2750 
and the mechanical slip body 2755. The load mandrel 2760 preferably 
comprises an annular member having substantially cylindrical inner and outer 
surfaces. The load mandrel 2760 may be fabricated from any number of 
5 conventional commerdaily available materials such as, for example, oilfield 
countiy tubular goods, low alloy steel, carbon steel, stainless steel or other 
similar high strength materials. In a preferred embodiment, the load mandrel 
2760 is fabricated from stainless steel in order to optimaUy provide high 
strength, corrosion resistance, and low friction surfaces. 
10 The load mandrel 2760 may be coupled to the second lower sealing head 

2750 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular 
goods specialty type threaded connection, ratchet-latch type threaded 
connection, or a standard threaded connection. In a prrferred embodiment, the 
15 load mandrel 2760 is removably coupled to the second lower sealing head 2750 
by a standard threaded connection. The load mandrel 2760 may be coupled to 
the mechanical slip body 2775 using any number of conventional commerdaily 
available mechanical couplings such as, for example, drillpipe connection, 
oilfield country tubular goods specialty type threaded connection, ratchet-latch 
20 type threaded connection or a standard threaded connection. In a preferred 
embodiment, the load mandrel 2760 is removably coupled to the mechanical slip 
bodly 2775 by a standard threaded connection. 

The load mandrel 2760 preferably indudes a fluid passage 2815 that is 
ad^ted to convey fiuidic materials from the fluid passage 2810 to the fluid 
25 passage 2820. In a preferred embodiment, the fluid passage 2815 is adapted to 
convey fluidic m a t e ri alfl such as, for example, cement, epoxy, water, drilling 
mud or lubricants at operating pressures and flow rates ranging from about 0 to 
9,000 psi and 0 to 3,000 gallons/minute. 

The expansion cone 2765 is coupled to the second outer sealing mandrel 
30 2755. The expansion cone 2765 is also movably coupled to the inner surface of 
the casing 2790. In this manner, the first upper sealing head 2725, first outer 
sealing mandrel 2735, second upp« sealing head 2746, second outer sealing 
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znandrel 2755, and the expansion cone 2765 reciprocate in the axial direction. 
The reciprocation of the expansion cone 2765 causes the casing 2790 to expand 
in the radial direction. 

The expansion cone 2765 preferably comprises an annular member 
5 having substantiaUy cylindrical inner and conical outer surfaces. The outside 
radius of the outside conical surface may range, for example, firom about 2 to 34 
inches. In a preferred embodiment, the outside radius of the outside conical 
surface ranges from about 3 to 28 inches in order to optimally provide 
expansion cone dimensions that accommodate the typical range of casings. The 
10 axial length of the expansion cone 2765 may range, for example, from about 2 to 
8 times the largest outer diameter of the expansion cone 2765. In a preferred 
embodiment, the axial length of the expansion cone 2765 ranges from about 3 
to 5 times the largest outer diameter of the expansion cone 2765 in ordCT to 
optimally provide stabilization and centralization of the expansion cone 2765. 
15 In a preferred embodiment^ the ang^e of attack of the expansion cone 2765 
ranges from about 5 to 30 degrees in order to optimally balance frictional forces 
and radial expansion forces. 

The expansion, cone 2765 may be fabricated from any number of 
conventional cominerdaUy available materials such as, for example, machine 
20 tool steel, nitride steel, titanium, tungsten carbide, ceramics or other similar 
high strength materials. In a prefixed embodiment, the expansion cone 2765 
is fabricated from D2 machine tool steel in order to optimally provide hi^ 
strength and resistance to corrosion and galling. In a particulariy preferred 
embodiment^ the outside sutDbus of the expansion cone 2765 has a surface 

25 hardness ranging from about 58 to 62 RocInrollC in order to optimal^ provide 
high strength and resistance to wear and galling. 

The expansion cone 2765 may be coupled to the second outside sealing 
mandrel 2765 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 

30 tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
expansion cone 2765 is coupled to the second outside sealing mandrel 2765 
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using a standard threaded connection in order to optimally provide high 
strength and easy repLeicement of th^ expansion cone 2765. 

The mandrel launcher 2770 is coupled to the casing 2790. The mandrel 
launcher 2770 comprises a tubular section of casing having a reduced wall 
5 thickness compared to the casing 2790. In a preferred embodiment, the wall 
thickness of the mandrel launcher 2770 is about 50 to 100 % of the wall 
thickness of the casing 2790. The wall thickness of the mandrel launcher 2770 
may range , for eocample, from about 0.15 to 1.5 inches. In a preferred 
embodiment^ the wall thidmess of the mandrel launcher 2770 ranges from 
10 about 0.25 to 0.75 inches. Inthismanner, the initiation of the radial expansion 
of the casing 2790 is facihtated, the placement of the apparatus 2700 within a 
wellbore casing and wellbore is facilitated, and the mandrd launcher 2770 has a 
burst strength approximately equal to that of the casing 2790. 

The mandrel launcher 2770 may be coupled to the casing 2790 using any 
15 number of conventional mechanical couplings such as, for example, a standard 
threaded connection. The mandrel launcher 2770 may be fabricated from any 
number of conventional commercially available materials such as, for example, 
oilfield country tubular goods, low alloy steel, carbon steel, stainless steel, or 
other similar high strength materials. In a preferred embodiment, the mandrel 
20 launcher 2770 is fabricated from oilfield country tubulte goods of higher 

strength than that of the casing 2790 but with a reduced wall thickness in order 
to optin:iaUy provide a small compact tubular container having a burst strength 
appnadn^teSy equal to that of the casing 2790. 

The mechanical alip boc^ 2775 is ooiq>Ied to the load mandrel 2760, the 
25 mechanical slips 2780, and the drag bhxdDB 2785. The mechanical alip bociy 
2775 preferably comprises a tubular member having an inner passage 2820 
fluididy coupled to the passage 2815. In this manner, fluidic materials may be 
conveyed from the passage 2820 to a region outside of the apparatus 2700. 

The mechanical slip body 2775 nuQr be coupled to the load mandrel 2760 
30 using any number of conventional mechanical couplings. In a preferred 
embodiment^ the mechanical slip body 2775 is removably coupled to the load 
mandrel 2760 using a standard threaded connection in order to optimally 
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provide hi^ strength and easy disassembly. The mechanical slip body 2775 
may be coupled to the mecfaamcal slips 2780 using any number of conventional 
mechanical couplings. In a prtferred onbodiment, the mechanical slip bo4y 
2755 is removably coupled to the mechanical slips 2780 using threaded 
5 connections and sliding steel retainer rings in order to optimally provide a high 
strength attachment The mechanical slip bo4y 2755 may be coupled to the 
drag blocks 2785 using any number of conventional mechanical couplings. In a 
preferred embodiment, the mechanical slip bo4y 2775 is removably coupled to 
the drag blocks 2785 using threaded connections and sliding steel retainer rings 
10 in ordw to optimally provide a high strength attachment 

The mechanical slip body 2775 preferably includes a fluid passage 2820 
that is ad^ted to convey fluidic materials from the fluid passage 2815 to the 
region outside of the apparatus 2700. In a preferred embodiment, the fluid 
passage 2820 is adapted to convey fluidic tn«»iTifllff such as, for example, 
15 cement, epoxy, water, drilling mud or lubricants afc operating pressures and 
flow rates ranging from about 0 to 9,000 pei and 0 to 3,000 gaUona/^ute. 

The mechanical slips 2780 are coupled to the outside surface of the 
mechanical slip body 2776. During operation of the apparatus 2700, the 
mechanical slips 2780 prevent upward movement of the casing 2790 and 
20 mandrel launcher 2770. In this manner, during the axial reciprocation of the 
expansion cone 2765, the casing 2790 and mandrei launcher 2770 are 
maintained in a substantially stationaiy position. In this manner, the mandrel 
launcher 2765 and casing 2790 and mandrel launcher 2770 are expanded in the 
radial direction by the axial movement of the expansion cone 2765. 

25 The mechanical slqjB 2780 may comprise any number of conventional 

commercially available medianical slips such as, for exan4>le, RTTO packer 
tungsten carbide mechanical slips, RTTS packer wicker type mechanical slips or 
Modd 3L retrievable bridge plug tungsten carbide upper medianical slips. In a 
preferred embodiment, the mechanical slips 2780 comprise RTTS packer 

30 tungsten carbide mechanical slips available from Halliburton Energy Sendees 
in order to optimally provide resistance to axial movement of the casing 2790 
and mandrel launcher 2770 during the expansion process. 
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The drag blocks 2785 are coupled to the outside surface of the 
mechanical slip hody 2775. During operation of the apparatus 2700, the drag 
blocks 2785 prevent upward movement of the casing 2790 and mandrel 
launcher 2770. In this manner, during the axial reciprocation of the expansion 
5 cone 2765, the casing 2790 and mandrel launcher 2770 are maintained in a 
substantially stationary position. In this manner, the mandrel launcher 2770 
and casing 2790 are expanded in the radial direction by the axial movement of 
the expansion cone 2765. 

The drag blocks 2785 may comprise any number of conventional 
10 commerdaUy available mechanical sUps such as, for example, RTTS packer 
mechanical drag blocks or Model 3L retrievable bridge plug drag blocks. In a 
preferred embodiment, the drag blocks 2785 comprise RTTS packer mechanical 
drag blocks avaihible from Halliburton Energy Services in order to optimally 
provide resistance to axial movement of the casing 2790 and mandrel launcher 
15 2770 during the expansion process. 

The casing 2790 is coupled to the numdrel launcher 2770. The casing 
2790 is further removably coupled to the mechanical slips 2780 and drag blocks 
2785. The casing 2790 preferably comprises a tubular member. The casing 
2790 may be fabricated from any number of conventional commercially 
20 available materiab such as, for example, slotted tubulars, oilfield country 
tubular goods, low aUoy steel, carbon steel, stainless steel or other similar high 
strength materials. In a preferred embodiment, the casing 2790 is fabricated 
from oilfield countiy tubuhv goods available from various foreign and domestic 
steel mills in order to optunally provide high strength using standardized 
25 materials. In a preferred embodiment, the upper end of the casing 2790 
includes one or mor« sealing members positioned about the exterior of the 
casing 2790. 

During operation, the apparatus 2700 is positioned in a wellbore with the 
upper end of the casing 2790 positioned in an overlapping relationship within 
30 an existing wellbore casing. In order minimize surge pressures within the 
borehole during placement of the apparatus 2700, the fluid passage 2795 is 
preferabfy provided with one or more pressure relief passages. During the 
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placetaent of the apparatus 2700 in the wellbore, the casing 2790 is supported 
by the expansion cone 2765. 

After positioning of the apparatus 2700 within the bore hole in an 
overlapping relationship with an existing section of wellbore casing, a Grst 
5 fluidic material is pumped into the fluid passage 2796 from a surface location. 
The first fluidic material is conveyed from the fluid passage 2795 to the fluid 
passages 2800, 2802. 2805. 2810, 2815. and 2820. The first fluidic material will 
then exit the apparatus 2700 and fiU the annular region between the outside of 
the apparatus 2700 and the interior walls of the bore hole. 
10 The first fluidic material m^ comprise any number of conventional 

commerdaUy available materials such as. for example, epoxy, drilling mud, slag 
mix, water or cement In a preferred embodiment, the first fluidic material 
comprises a hardenable fluidic sealing matoial such as, for examine, slag mix, 
epo^, or canent In this manner, a wellbore casing having an outer annular 
15 layer of a hardenable material may be formed. 

The first fluidic material m^ be pumped into the apparatus 2700 at 
operating pressures and flow rates ranging, for example, from about 0 to 4,500 
psi and 0 to 3,000 gaUons/minute. In a preferred embodiment, the first fluidic 
material is pumped into the apparatus 2700 at operating pressures and flow 
20 rates ranging from about 0 to 3,500 pai and 0 to 1,200 gallona/minute in order 
to optimally provide operational efficiency. 

At a predetennined point in the iqjection of the first fluidic material such 
as, for example, after the annular region outside of the apparatus 2700 has been 
fiUed to a predetennined level, a plug 2910, dart, or other similar device is 
25 introduced into the first fluidic material. The plug 2910 lodges in the throat 
passage 2905 thereby fluididy isolating the fluid passage 2810 from the fluid 
passage 2815. 

After placement of the plug 2910 in the throat passage 2905, a second 
fluidic material is pumped into the fluid passage 2795 in order to pressurize the 
30 pressure chambers 2915 and 2920. The second fluidic matmal may comprise 
any number of conventional commercially available mAteri«|ft such as, for 
ezampie. water, drilling gases, drilling mud or lubricants. In a preferred 
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embodiment, the second Qiiidic material comprises a DOQ-hardenable iluidic 
material such as, for example, water, drilling mud or lubricant. The use of 
lubricant optimally provides lubrication of the moving jparts of the apparatus 
2700. 

5 The second fluidic material may be piuoped into the apparatus 2700 at 

operating pressures and flow rates ranging, for example, from about 0 to 4,500 
psi and 0 to 4,500 gaUcms^minute. In a preferred embodiment, the second 
fluidic material is pumped into the apparatua 2700 at operating pressures and 
flow rates ranging from about 0 to 3,500 psi and 0 to 1,200 gaUona/minute in 
10 order to optimally provide operational effidoicy. 

The pressurization of the pressure duonbers 2915 and 2920 cause the 
upper sealing heads. 2725 and 2745. outer sealing mandrels, 2735 and 2755. 
and expansion cone 2765 to move in an axial direction. Aa the expansion cone 
2765 moves in the aodal direction, the expansion cone 2765 pulls the mandrel 
15 launcher 2770, casing 2790, and drag blocks 2785 along, which sets the 
mechanical slips 2780 and stops further axial movement of the mandrel 
launcher 2770 and casing 2790. In this manner, the axial movement of the 
expansion cone 2766 radially expands the mandrel launcher 2770 and casing 
2790. 

20 Once the upper sealing heads, 2725 and 2745, outer sealing mandrels, 

2735 and 2755, and expansion cone 2765 complete an axial stroke, the 
operating pressure of the second fluidic material is reduced and the drill string 
2705 is raised. This causes the inner sealing mandrels, 2720 and 2740, lower 
sealing heads, 2730 and 2750, load mandrel 2760, and mechanical alip body 

25 2755 to move upward. This unsets the mechanical slips 2780 and permits the 
mechanical slips 2780 and drag blocks 2785 to be moved upward within the 
mandrel launcher 2770 and casing 2790. When the lower sealing heads, 2730 
and 2750. contact the upper sealing heads, 2725 and 2745, the second fluidic 
material is again pressurized and the radial expansion process continues. In 
30 this manner, the mandrel launcher 2770 and casing 2790 are radiaUty expanded 
throu^ repeated aadal strokes of the upper sealing heads, 2725 and 2745, outer 
sealing mandrels, 2735 and 2755, and expansion cone 2765. Throughout the 
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radial expansion process, the upper end of the casing 2790 is preferably 
maintained in an overlapping relation with an existing section of wellbore 
casing. 

At the end of the radial expansion process, the upper end of the casing 
5 2790 is expanded into intimate contact with the inside suiface of the lower end 
of the existing wellbore casing. In a preferred embodiment, the sealing 
members provided at the upper end of the casing 2790 provide a fluidic seal 
between the outside surface of the upper end of the casing 2790 and the inside 
surface of the lower end of the existing weUbore casing. In a preferred 
10 embodiment, the oontact pressure between the casing 2790 and the existing 
section of weUbore casing ranges from about 400 to 10,000 in order to optimally 
provide contact pressure for activating the sealing members, provide optimal 
resistance to axial movement of the expanded casing, and optimaUy resist 
typical tensfle and compressive loads on the expanded casing. 

15 preferred embodiment, as the expansion cone 2766 nears the end of 

the casing 2790, the operating pressure of the second Quidic material is reduced 
in order to minimize shock to the apparatus 2700. In an alternative 
embodiment, the iqiparatus 2700 includes a shock absorber for absorbing the 
shock created by the completion of the radial expansion of the casing 2790. 

20 In a preferred embodiment, the reduced operating pressure of the second 

fluidic material ranges from about 100 to 1,000 psi as the expansion cone 2765 
nears the end of the casing 2790 in order to optimally provide reduced axial 
movement and velocity of the expansion cone 2765. In a preferred embodiment, 
the operating pressure of the second fluidic material is reduced during the 
25 return stroke of the apparatus 2700 to the range of about 0 to 500 psi in order 
minimize the resistance to the movement of the expansion cone 2765 during the 
return stroke. In a preferred embodiment, the stroke length of the apparatus 
2700 ranges from about 10 to 45 feet in order to optimally provide equipment 
that can be easily handled by typical oO weU rigging equipment and minimize 
30 the frequency at Mrhich the apparatus 2700 must be re^tnked during an 
expansion operation. ' 
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In an alternative embodiment, at least a portion of the upper sealing 

heads, 2726 and 2746. include .^pansion conea for radiaUy expanding the 

mandrel launcher 2770 and casing 2790 during operation of the apparatus 2700 

in order to increase the surface area of the casing 2790 acted upon during the 

6 radial expansion process. In this nuumer, the operating pressures can be 
reduced. 

In an alternative embodiment, mechanical slips are positioned in an axial 
location between the sealing sleeve 1915 and the first inner sealing mandrel 
2720 in order to optimally provide a simplified assembly and operation of the 
10 iqtparatus 2700. 

Upon the complete radial expansion of the casing 2790, if appUcable, the 
first nuidic material is permitted to cure within the annular region between the 
outside of the expanded casing 2790 and the interior walls of the weUbore. In 
the case where the casing 2790 is slotted, the cured fluidic material preferably 
15 permeates and envelops the expanded casing 2790. In this manner, a new 
section of wellbore casing is formed within a weUbore. Alternatively, the 
apparatus 2700 may be used to join a first section of pipeline to an eristing 
section of pipeline. Alternatively, the apparatus 2700 may be used to direcUy 
line the interior of a weUbore with a casing, without the use of an outer annular 
20 layer of a hardenable material. Alternatively, the apparatus 2700 may be used 
to expand a tubular support memb^ in a hole. 

During the radial expansion process, the pressurized areas of the 
apparatus 2700 are limited to the fluid passages 2795. 2800, 2802, 2805, and 
2810, and the pressure chambers 2915 and 2920. No flttid pressure acts direcOy 
25 on the mandrel launcher 2770 and easing 2790. This permits the use of 
operating pressures higher than the mandrel launcher 2770 and casing 2790 
could normally withstand. 

R^ening now to Figure 20, a prrftared embodiment of an apparatus 
3000 for forming a mono-diameter wellbore casing wiU be described. The 
30 apparatus 3000 preferably includes a drillpipe 3006, an innentring adapter 
3010, a sealing sleeve'3016, a first inner sealing mandrel 3020, hydraulic sUps 
3025, a first upper sealing head 3030, a first louver sealing head 3035, a first 

-191- 

SUBSnrUTE sheet (rule 26) 



wo 00/77431 



PCT/ILOO/00245 



outer sealing mandrel 3040, a second inner sealing mandrel 3045, a second 
upper sealing head 3050, a second lower sealing head 3055, a second outer 
sealing mandrel 3060, load mandrel 3065, expansion cdne 3070, casing 3075, 
and fluid passages 3080, 3085, 3090, 3095, 3100, 3105, 3110, 3115 and 3120, 
5 The drillpipe 3005 is coupled to the innerstring adapter 3010. During 

operation of the apparatus 3000, the driUpipe 3005 supports the apparatus 
3000. The driUpipe 3005 preferably comprises a substantially hoUow tubular 
member or members. The driUpipe 3005 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
10 countiy tubular goods, low aUoy steel, carbon steel, stainless steel or other 
similar high strength materials. In a preferred embodiment* the driUpipe 3005 
is fabricated from coiled tubing in order to factliate the placement of the 
cqiparatus 3000 in non-vertical weUbores. The driUfape 3005 may be coupled to 
the innerstring adapter 3010 using any number of conventional commerdaUy 
15 available mechanical couplings such as, for example. driUpipe connection, 
oilfield countiy tubular goods specialty threaded connection, or a standard 
threaded connection. In a preferred embodiment, the driUpipe 3005 is 
removably coupled to the innerstring adapter 3010 by a driUpipe connection. 
The driUpipe 3005 preferably includes a fluid passage 3080 that is 
20 adapted to convey fluidic materials from a surface location into the fluid 

passage 3085. In a preferred embodiment, the fluid passage 3080 is adapted to 
convey fluidic materials such as, for examine, cement, epoxy, water, drilling 
mud or lubricants at operating pressures and flow rates ranging fit)m about 0 to 
9,000 pai and 0 to 3,000 gaUona/minute. 
25 The innerstring ad^ter 3010 is coupled to the driU string 3005 and the 

sealing sleeve 3015. The innerstring adapter 3010 preferably comprises a 
substantiaUy hoUow tubular member or members. The innerstring adapter 
3010 may be fabricated from any number of conventional conmierciaUy 
available materials such as, for example, oilfield country tubular goods, low 
30 aUoy steel, carbon steel, stainless steel, or other similar high strength materials. 
In a preferred embodinient, the innerstring adapter 3010 is fabricated from 
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Stainless steel in order to optimaUy provide high strength, corrosion resistance, 
and low friction surfaces. 

The innerstring adapter 3010 may be coupled to the drill string 3005 
using any number of conventional commercially available mechanical couplings 
5 such as, for example, drillpipe connection, oilfield country tubular goods 
spedaMy type threaded connection, or a standard threaded connection. In a 
preferred embodiment, the innerstring ada^rter 3010 is removably coupled to 
the driU pipe 3005 by a drillpipe connection. The innerstring adapter 3010 may 
be coufded to the sealing sleeve 3016 using any number of conventional 
10 commerdaUy available mechanical couplings such as, for example, driUpipe 
connection, oilfield country tubular goods specialty type threaded connection, 
ratchet-latch type threaded connection or a standard threaded connection. In a 
preferred embodiment, the innerstring adapter 3010 is removably coupled to 
the sealing sleeve 3015 by a standard threaded connection. 
15 The innerstring adapter 3010 preferably includes a fluid passage 3085 

that is adapted to convey fluidic materials from the fluid passage 3080 into the 
fluid passage 3090. In a preferred embodiment, the fluid passage 3085 is 
adapted to convey fluidic materials such as, for example, cement, epoxy, water, 
drilling mud, or lubricants at operating pressures and flow rates ranging from 
20 about 0 to 9,000 psi and 0 to 3,000 gallona/minute. 

The sealing sleeve 3015 is coupled to the innerstring adapter 3010 and 
the first inner sealing mandrel 3020. The sealing sleeve 3015 prderably 
comprises a substantially hoUow tubular member or members. The sealing 
sleeve 3015 may be fabricated from any number of conventional commercially 
25 available materials such as. for example, oilfield countzy tubular goods, low 
alloy steel, carbon steel, stainless steel or other similar high strength materials. 
In a preferred embodiment, the sealing sleeve 3015 is fiedbricated from stainless 
steel in order to optimally provide high strength, corrosion resistance, and low 
friction surfaces. 

30 The sealing sleeve 3015 may be coupled to the innerstring adapter 3010 

using any number of conventional commercially available mechanical couplings 
such as. for example, drillpipe connection, oilfield coimtry tubular goods 
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specialty type threaded coimectioD» ratcfaet-latcb type connection or a standard 
threaded connection. In a preferred embodiment, the sealing sleeve 3015 is 
removably coupled to the innerstring adapter 3010 by 6 standard threaded 
connection. The sealing sleeve 3015 may be coupled to the first inner sealing 
5 mandrel 3020 using any nimiber of conventional commercially available 

mechanical couplings such as, for example, drillpipe connection, oilfield countiy 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment^ the 
sealing sleeve 3015 is removab^ coupled to the first inner sealing mandrel 3020 
10 by a standard threaded connection. 

The sealing sleeve 3015 preferably includes a fluid passage 3090 that is 
adapted to convey fluidic materials from the fluid passage 3085 into the fluid 
passage 3095. In a preferred embodiment, the fluid passage 3090 is adapted to 
convey fluidic materials such as, for example, cement^ epoqr, water, drilling 
15 mud, or lubricants at operating pressures and flow rates ranging from about 0 
to 9,000 psi and 0 to 3,000 gaUonsAninute. 

The first inner sealing mandrel 3020 is coupled to the sealing sleeve 
3015, the hydraulic slips 3025, and the first lower sealing head 3035. The first 
inner sealing mandrel 3020 is fiirther movably coupled to the first upper sealing 
20 head 3030. The first inner sealing niandrel 3020 preferably comprises a 
substantiality hollow tubular m^nber or members. The first inner sealing 
mandrel 3020 inay be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield oountiy tubular goods, low 
alloy steel, carbon steel, stainless sted, or similar high strength materials. In a 
25 preferred embodiment, the first inner sealing mandrd 3020 is fabricated from 
stainless steel in order to optimaQy provide high strength, corrosion resistance, 
and low fiiction siurfaoes. 

The first inner sealing mandrel 3020 may be coupled to the sealing sleeve 
3015 using ax^ number of conventional commercially available mechanical 
30 couplings such aa, for example, drillpipe connection, oilfield country tubular 
goods specialty typia threaded connection, ratdiet-Iatcb type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
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first urner sealing mandrel 3020 is removably coupled to the sealing sleeve 3015 
by a standard threaded connection. The first inner sealing mandrel 3020 may 
be coupled to the hydrauhc sUps 3025 using any number of amventionai 
commerdaUy avaUable mechanical couplings such as, for example, drillpipe 
5 connection, oilfield countiy tubular goods spedaJty type threaded connection. 
ratcheWatch type threaded connection or a standard threaded connection. In a 
preferred embodiment, the first inner sealing mandrel 3020 is removably 
coupled to the hydraulic slips 3025 by a standard threaded connection. The 
first inner sealing mandrel 3020 may be coupled to the first lower sealing head 
10 3035 using any number of conventional commercially available mechanical 
couplings such as, for example, diillpipe connection; oilfield country tubular 
goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard tl^ed connection. In a preferred embodiment, the 
first inner sealing mandrel 3020 is removably coupled to the first lower sealing 
15 head 3035 by a standard threaded connection. 

The first inner sealing mandrel 3020 preferably includes a fiuid passage 
3095 that is adapted to convey fluidic materials fi-om the fluid passage 3090 into 
the fluid passage 3100. In a preferred embodiment, the fluid passage 3095 is 
adapted to convey fluidic materials such as. for example, water, drilling mud, 
20 cement, epoxy, or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 pei and 0 to 3,000 gallonatoinute. 

The first inn«r sealing mandrel 3020 further preferably includes fluid 
passages 3110 that are adapted to convey fluidic materiala from the fluid 
passage 3095 into the pressure chambers of the hydranlie sUps 3025. In this 
25 numner. the sUpe 3025 are activated upon the preasuiizalion of the flm^ 
passage 3095 into contact with the inside surface of the casing 3075. Ina 
preferred embodiment, the fluid passeges 3110 are adapted to convey fluidic 
materials such as. for example, cement, epoxy. water, drilling fluids or 
lubricanta at operating pressures and flow rates ranging tcom about 0 to 9,000 
30 pai and 0 to 3,000 gallonsMute. 

The first inner Sealing mandrel 3020 further preferably includes fluid 
passages 3115 that are adapted to convey fluidic materiala from the fluid 
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passage 3095 into the first pressure chamber 3175 defined by the first upper 
sealing head 3030, the first lower sealing head 3035, the first inner sealing 
mandrel 3020, and the first outer sealing mandrel 3040. During operation of 
the apparatus 3000, pressurization of the pressure chamber 3175 causes the 
5 first upper sealing head 3030, the first outer sealing mandrel 3040, the second 
upper sealing head 3050, the second outer sealing mandrel 3060, and the 
expansion cone 3070 to move in an axial direction. 

The slips 3025 are coupled to the outside surface of the first inner sealing 
mandrel 3020. During operation of the apparatus 3000, the alipe 3025 are 
10 activated upon the pressurization of the fluid passage 3095 into contact with 
the inside surface of the casing 3075. In this manner, the slips 3025 main t^m 
the casing 3075 in a substantially stationaiy position. 

The slips 3025 prrferabiy include fluid passages 3125, pressure chambers 
3130, spring bias 3135, and slip members 3140. The slips 3025 may comprise 
15 any number of conventional commercial^ available hydraulic slips such as, for 
example, RTTS packer tungsten carbide hydraulic slips or Model 3L retrievable 
bridge plug with hydraulic slips. In a preferred embodiment, the slips 3025 
comprise RTTS packer tungsten carbide hydraulic slips available from 
Halliburton Energy Swices in order to optimaUy provide resistance to axial 
20 movement of the casing 3075 during the expansion process. 

The first upper sealing head 3030 is coupled to the first outer sealing 
mandrel 3040, the second upper sealing head 3050, the second out« sealing 
mandrel 3060, and the expansion cone 3070. The first upper sealing head 3030 
is also movably coupled to the outer surface of the first inner sealing mandrel 
25 3020 and the inner surface of the casing 3075. In this manner, the first upper 
sealing head 3030, the first outer sealing mandrel 3040, the second upper 
sealing head 3050, the second outer sealing mandrel 3060, and the expansion 
cone 3070 reciprocate in the axial direction* 

The radial clearance between the inner qdindrical surface of the first 
30 upper sealing head 3030 and the outer surface of the first inner sealing mand^^ 
3020 may range, for example, from about 0.0025 to 0.05 inches. In a preferred 
embodiment, the radial clearance between the inner ^lindrical surface of the 
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fxrst upper sealing head 3030 and the outer surface of the first inner sealing 
mandrel 3020 ranges firom about 0,005 to 0.01 mches in order to optimally 
provide minimal radial clearance. The radial clearance between the outer 
cylindrical surface of the first upper sealing head 3030 and the inner surface of 
5 the casing 3075 may range, for example, from about 0.025 to 0,375 inches. In a 
preferred onbodiment, the radial clearance between the outer cylindrical 
surface of the first upper sealing head 3030 and the inner surface of the casing 
3075 ranges from about 0.025 to 0.125 mches in order to optimally provide 
stabilization for the expansion cone 3070 during the expansion process. 
10 The first upper sealing head 3030 preferab^ comprises an annular 

membv having substantially cylindrical inner and outer surfaces. The first 
upper sealing head 3030 may be fabricated from any number of conventional 
commOTcially available materials such as, for example, oilfield country tubular 
goods, low alloy steel, carbon steel, or other similar high strength materials. In 
15 a preferred embodiment, the first upper sealing head 3030 is fabricated from 
stainless steel in order to optimally provide high strength, corrosion resistance, 
and low friction surfaces. The inner surface of the first upper sealing head 3030 
preferably includes one or more annular sealing members 3145 for sealing the 
interface between the first upper sealing head 3030 and the first inner sealing 
20 mandrel 3020. The sealing menibers 3145 niay conqnise any number of 
conventional conunerdally available annular sealing members such as, for 
example, o-rings, polypak seals or metal spring energized seals. In a prrferred 
embodiment, the sealing members 3145 comprise polypak seals available from 
Parker seals in order to optimally provide sealing for a long « ri»\ stroke. 
25 In a preferred embodiment, the first upper sealing head 3030 includes a 

shoulder 3150 for supporting the firat upper sealing head 3030, first outer 
sealing mandrd 3040, second upper sealing head 3050, second outer sealing 
mandrel 3060, and expansion cone 3070 on the first lower sealing head 3035. 
The first upper sealing head 3030 may be coujrfed to the first outer sealing 
30 mandrel 3040 using any number of conventional commercially available 

mechanical couplings duch as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, or a standard threaded 

-197. 

SUBSTITUTE SHEET (RULE 26) 



wo 00/77431 



PCT/ILOO/00245 



connection. In a preferred embodiment, the first upper sealing head 3030 is 
removably coupled to the first outer sealing mandrel 3040 by a standard 
tiireaded connection. In a preferred embodiment, the mechanical coupling 
between the first upper sealing head 3030 and the first outer sealing mandrel 
5 3040 includes one or more sealing members 3155 for fluididy sealing the 
interface between the first uppv sealing head 3030 and the first outer sealing 
mandrel 3040. The sealing members 3155 mnj comprise any number of 
conventional conunerdally available sealing members such as, for example, o- 
rings, polypak seals, or metal spring energized seals. In a preferred 
10 embodiment, the seating members 3155 comprise polypak seals available from 
Parker Seals in order to optimally provide sealing for a long axial stroke. 

The first lower sealing head 3035 is coupled to the first inner sealing 
mandrel 3020 and the second inner sealing mandrel 3045. The first lower 
sealing head 3035 is alao movably coupled to the inner surface of the first outer 
15 sealing mandrel 3040. In this manner, the first upper sealing head 3030, first 
outer sealing mandrel 3040, second upper sealing head 3050, second outer 
sealing mandrel 3060, and expansion cone 3070 reciprocate in the axial 
direction. The radial clearance between the outer surface of the first lower 
sealing head 3035 and the inner surface of the first outer sealing mandrel 3040 
20 may range, for example, from about 0.0025 to 0.05 inches. In a preferred 
embodiment, the radial clearance between the outer surface of the first lower 
sealing head 3035 and the inner surface of the outer sealing mandrel 3040 
ranges firom about 0.005 to 0.01 inches in order to optimal^ provide mmimai 
radial clearance. 

25 The first lower sealing head 3035 preferably comprises an annular 

member having substantially cylindrical inner and outer surfaces. The first 
lower sealing head 3035 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield oountzy tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 

30 materials. In a prefored embodiment, the first lower sealing head 3035 ia 
fabricated from stqinlesa steel in order to optimally provide hi^^ strength, 
corrosion resistance, and low friction surfaces. The outer siirface of the first 
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lower sealing head 3035 preferably includes one or more annular sealing 
members 3160 for sealing the interface between the first lower sealing head 
3035 and the first outer sealing mandrel 3040. The sealing membera 3160 may 
comprise any number of conventional commercially available annular sealing 
5 members such as, for example, o-rings, polypak seals, or metal spring energized 
seals* In a preferred embodiment, the sealing members 3160 comprise polypak 
seals available firom Parker Seals in order to optimally provide sealing for a long 
axial stroke. 

The first lower sealing head 3035 may be coupled to the first inner 
10 sealing mandrel 3020 using any number of conventional conunerdally available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
first lowOT sealing head 3035 is removably coupled to the first inner sealing 
15 mandrel 3020 by a standard threaded connection. In a preferred embodiment, 
the mechanical coupling between the first lower sealing head 3035 and the first 
inner sealing mandrel 3020 includes one or more sealing members 3165 for 
fluidicly sealing the interface between the first lower sealing head 3035 and the 
first inner sealing mandrel 3020. The sealing members 3165 m^y comprise any 
20 number of conventional commercially available sealing members sudi as, for 
example, o-rings, polypak seals, or metal spring energized seals. In a preferred 
embodiment, the sealing members 3165 comprise pofypak seals available firom 
Parker Seals in order to optimaUy provide g^^wg for a long axial stroke length. 
The first lower sealing head 3035 may be coupled to the second inner 
25 sealing mandrel 3045 using any number of conventional commerdatty available 
mechanical couplings such as, for example, driUpipe connection, oilfield countiy 
tubular goods specialty ^rpe threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
first lower sealing head 3035 is removably coupled to the second inner sealing 
30 mandrel 3045 by a standard threaded connection. In a preferred embodiment, 
the mechanical coupliiig between the first lower sealing head 3035 and the 
second inn^ sealing mandrel 3045 includes one or more sealing members 3170 
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for fluididy aealing the interface between the first lower sealing head 3035 and 
the second inner sealing mandrel 3045. The sealing members 3170 may 
comprise any number of conventional commercially available sealing members 
such as, for example, o-rings, polypak seals or metal spring energized seals. In a 
5 preferred embodimrat, the sealing members 3170 comprise polypak seals 
available from Parker Seals in order to optimally provide sealing for a long axial 
stroke. 

The first outer sealing mandrel 3040 is coupled to the first upper sealing 
head 3030 and the second upper sealing head 3050. The first outer sealing 
10 mandrd 3040 is also movably coupled to the inner surfiBoe of the casing 3075 
and the outer surface of the first lower sealing head 3035. In this manner, the 
first upper sealing head 3030, first outer sealing mandrel 3040, second upper 
sealing head 3050, second outer sealing mandrel 3060, and the expansion cone 
3070 reciprocate in the axial direction. The radial clearance between the outer 
15 surface of the first outer sealing mandrel 3040 and the inner surface of the 
casing 3075 m^ range, for example, from about 0.025 to 0.375 inches. In a 
preferred embodiment, the radial clearance between the outer surface of the 
first outer sealing mandrel 3040 and the inner surface of the casing 3076 ranges 
from about 0,025 to 0,125 inches in order to optimaUy provide stabihzation for 
20 the expansion cone 3070 during the expansion process. The radial clearance 
between the inner surface of the first outer sealing mandrel 3040 and the outer 
surface of the first lower sealing head 3035 may range, for example, from about 
0.005 to 0.125 inches. In a preferred embodiment, the radial clearance between 
the inner surface of the first outer sealing mandrel 3040 and the outer surface 
25 of the first lower sealing head 3035 ranges firom about 0.005 to 0.01 inches in 
order to optimally provide miffim ai radial clearance. 

The first outer sealing mandrel 3040 preferably comprises an annular 
member having substantiaUy cylindrical inner and outaraurfaces. The first 
outer sealing mandrel 3040 may be fiabricated bom any number of conventional 
30 commercially available materials such as, for example^ oilfield country tubular 
goods, low aUpy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the first outer sealing mandrel 3040 is 
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fabricated from stainless steel in order to optimaUy provide high strength, 
corrosion resistance, and low friction surfaces. 

The first outw sealing mandrd 3040 may be coupled to the first upper 
sealinir head 3030 using any number of conventional commerdaUy avaUable 
5 mechanical couplings such as, for example, driUpipe connection, oilfield country 
tubular goods specialty type threaded connection, ratchet-Uteh type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
first outer sealing mandrel 3040 is removably coupled to the first upper sealing 
head 3030 by a standard threaded connection. In a preferred embodiment, the 
10 mechanical coupling between the first outer sealing mandrel 3040 and the first 
upper sealing head 3030 includes one or more sealing members 3180 for sealing 
the interface between the first outer sealing mandrel 3040 and the first upper 
sealing head 3030. The sealing members 3180 may comprise any number of 
conventional commercially available sealing members such as, for example, o- 
15 rings, polypak seals or metal spring energized seals. In a preferred 

embodiment, the sealing members 3180 comprise polypak seab available from 
Parker Seals in order to optimaUy provide sealing for a long axial stroke. 

The first outer sealing mandrel 3040 m^ be coupled to the second uppw 
sealing head 3050 using any number of conventional commercially avaihble 
20 mechanical couplings such as, for example, driUpipe connection, oiUield country 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection, or a standard threaded connectioa. In a preferred embodiment, the 
first outer sealing mandrel 3040 is i«movab]y coupled to the second upper 
sealing head SOSO by a standard threaded connectton. fnapreferred 
25 embodiment, the mechanical coupling betweoi the first outer sealing mandrel 
3040 and the second upper sealing head 3050 indudea one or more sealing 
members 3185 for sealing the interfoce between the first outer seaUng mandrel 
3040 and the second upper sealing head 3050. The sealing monbeis 3185 may 
comprise any number of conventional commerdaUy available sealing members 
30 such as, for example, o-rings, polypak seals or metal spring energized seals. In a 
preferred embodiment, the sealing members 3185 comprise polypak seals 
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available from Parker Seals in order to optimally provide sealing for a long axial 
stroke. 

The second inner sealing mandrel 3045 is coupled to the first lower 
sealing head 3035 and the second lower sealing head 3055. The second inner 
5 sealing mandrel 3045 preferably comprises a substantiality hollow tubular 
member or members. The second innor sealing mandrel 3045 may be fabricated 
from any number of conventional commerdaUy availabte materials such as, for 
example, oilfield country tubular goods, low alloy steel, carbon sted, stainless 
sted or other similar hi|^ strength materials. In a preferred embodiment, the 
10 second inner sealing mandrel 3045 is fabricated from stamless sted in order to 
optimally provide high strength, corrosion resistance, and low friction siuiaces. 

The second inner sealing mandrel 3045 may be coupled to the first lower 
sealing head 3035 using any number of conventional commerdally available 
mechanical couplings such as, for exanqile, drillpipe connection, oilfield coxmtry 

15 tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
second inner sealing mandrel 3045 is removably coupled to the first lower 
sealing head 3035 by a standard threaded connection. The second inner 
sealing mandrel 3045 may be coupled to the second lower sealing head 3055 

20 using any numba: of conventional commerdally available mechanical couplings 
such as, for example, drillpipe connection, oilfield coimtry tubular goods 
specialty type th r ead ed connection, ratchet-latch type connection, or a standard 
threaded connection. In a preferred embodiment, the second inner sealing 
mandrel 3045 is removably coupled to the second lower sealing head 3055 by a 

25 standard threaded connection. 

The second inner sealing mandrel 3045 preferabfy indudes a fluid 
passage 3100 that is adapted to convqr fluidic materials from the fltiid passage 
3095 into the fluid passage 3105. In a preferred embodiment, the fluid passage 
3100 is adapted to convey fluidic materials such as, for example, cement, epozy, 

30 water, drilling mud or lubricants at operating pressures and flow rates ranging 
from about 0 to 9,000 pai and 0 to 3,000 gallons/minute. 
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The second inner sealing mandrel 3046 fiirther preferably includes fluid 
passages 8120 that are adapted to convey fliddic materials from the fluid 
passage 3100 into the second pressure chamber 3190 defined by the second 
upper sealing head 3060, the second lower sealing head 3056, the second inner 
5 sealing mandrel 3046, and the second outer sealing mandrel 3060. During 
operation of the apparatus 3000, pressurization of the second pressure chamber 
3190 causes the first upper sealing head 3080, the first outer sealing mandrel 
3040, the second upper sealing head 3050, the second outer sealing mandrel 
3060, and the expansion cone 8070 to move in an axial direction. 
10 The second upper sealing head 3050 is coupled to the first outer sealing 
mandrel 3040 and the second outer sealing mandrel 3060. The second upper 
sealing head 3060 is also movably coupled to the outer surface of the second 
inner sealing mandrel 3045 and the inner surface of the casing 3075. In this 
manner, the second upper sealing head 3050 reciprocates in the axial direction. 
15 The radial clearance between the inner cylindrical surface of the second upper 
sealing head 3050 and the outer surface of the second inner sealing mandrel 
3045 mny range, for example, from about 0.0025 to 0.05 inches. In a preferred 
embodiment, the radial clearance between the inner cylindrical surface of the 
second upper sealing head 3060 and the outer surface of the second inner 
20 sealing mandrel 3045 ranges from about 0.006 to 0.01 inches in order to 
optimally provide minimal radial clearance. The radial clearance between the 
outer cylindrical surface of the second upper sealing head 8060 and the inner 
surface of the casing 8076 may range, for example, fh>m about 0.025 to 0.375 
inches. In a prefened embodiment, the radial dearmice between the outer 
26 (Tlindrical surface of the seomd upper sealing head 3050 and the inner surface 
of the casing 3075 ranges from about 0.026 to 0.126 inches in order to optimaUy 
provide stabilixation for the expansion cone 3070 during the expansion process. 

The second upper sealing head 3050 preferably comprises an annular 
member having substantiaUy cylindrical inner and outer surfaces. The second 
30 upper sealing headSO^O may be fabricated from any number of conventional 
commercially available material such as, for example, oilfield country tubular 
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goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the second upper sealing head 3050 is 
fabricated firom stainless steel in order to optimally provide high strength, 
corrosion res i stance, and low friction surfaces. The inner surface-of the second 
5 upper sealing head 3050 preferably includes one or more ftni^nlnr sealing 
members 3195 for sealing the interface between the second upper sealing head 
3050 and the second inner sealing mandrel 3045. The sealing members 3195 
may comprise any number of conventional commercially available annii^ar 
sealing memben such as, for example, o-rings, polypak seala or metal spring 

10 energized seals. In a preferred embodiment, the sealing members 3195 
comprise polypak seals available firom Parker Seals in order to optimally 
provide sealing for a long axial stroke. 

In a preferred embodiment, the second upper sealing head 3050 includes 
a shoulder 3200 for sui^rting the first upper sealing head SOSO, first outer 

15 sealing mandrel 3040, second upper sealing head 3050, second outer sealing 
mandrel 3060, and expansion cone 3070 on the second lower sealing head 3055. 

The second upper sealing head 3050 may be coupled to the first outer 
sealing mandrel 3040 using any number of conventional commercially available 

20 mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded coimection, ratchet-latch type threaded 
connection, or a standard threaded connection. In a preferred embodiment, the 
second upper sealing head 3050 is removably coupled to the first outer sealing 
mandrel 3040 by a standard threaded connection. In a preferred embodiment, 

25 the mechanical coupling between the second upper sealing head 3050 and the 
first outer sealing mandrel 3040 includes one or more sealing members 3185 for 
Ouididy sealing the interface between the second upper sealing head 3050 and 
the first outtf sealmg mandrel 3040. The second upper sealing head 3050 may 
be coupled to the second outer sealing mandrel 3060 using any number of 

30 conventional commercially available mechanical couplings such as, for example, 
drillpipe connection» oilfield countzy tubular goods specialty type threaded 
connection, ratchet-latch type threaded connection, or a standard threaded 
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connection. In a preferred embodiment, the second upper sealing head 3050 is 
removably coupled to the second outer sealing mandrel 3060 by a standard 
threaded connection. In a preferred embodiment, the mechanical coupling 
between the second upper sealing head 3050 and the second outer sealing 
5 mandrel 3060 includes one or more sealing members 3205 for fluididy sealing 
the interface between the second upper sealing head 3050 and the second outer 
sealing mandrel 3060. 

The second lower sealing head 3055 is coupled tb the second inner 
sealing mandrel 3045 and the load mandrel 3065. The second lower sealing 
10 head 3055 is also movably coupled to the inner surface of the second outer 
sealing mandrel 3060. In this manno*, the Grst upper sealing head 3030, first 
outer sealing mandrel 3040, second upper sealing mandrel 3050, second outer 
sealing mandrel 3060, and expansion cone 3070 reciprocate in the axial 
direction. The radial clearance between the outer surface of the second lower 
15 sealing hesd 3055 and the inner surface of the second outer sealing mandrel 
3060 may range, for example, fi^m about 0.0025 to 0,05 inches. In a preferred 
embodiment, the radial clearance between the outer surface of the second lower 
sealing head 3055 and the inner surface of the second outer sealing mandrel 
3060 ranges from about 0.005 to 0.01 inches in order to optimaUy provide 
20 minimal radial clearance. 

The second lower sealing head 3055 preferably comprises an annular 
member having substantially qriindrical inner and outer surfaces. The second 
lower sealing head 3055 may be fabricated from any number of conventional 
commercially available materials such aa, for example, oilfield country tubular 
25 goods, low aUoys|^ carbon ateel, stainless steel, or other similar h^ 

strength materials. In a preferred wibodimmt» the second lower sealing head 
3055 is fabricated from stainless steel in order to optimally provide 
strength, corrosion resistance, and low friction surfaces. The outer surface of 
the second low« sealing head 3055 preferably indudea one or more annular 
30 sealing members 3210 for sealing the interface between the second lower 
sealing head 3055 and the second outar sealing mandrel 3060. The sealing 
members 3210 may comprise any number of conventional conmierdally 
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available annular sealing members such as, for example, o-rings, polypak seals, 
or metal spring.energized seal^. In a preferred embodiment, the sealing 
members 3210 comprise polypak seals available from Park^ Seals in order to 
optimally provide sealing for long axial strokes. 
5 The second lower sealing head 3055 may be coupled to the second inner 

sealing mandrel 3045 using any nimtiber of conventional commercially available 
mechanical couplings such aa, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, or a standard threaded 
connection. In a preferred embodiment^ the second lower sealing head 3055 is 
10 removab^ coupled to the second inner sealing mandrel 3045 by a standard 
threaded coimection. In a preferred embodiment^ the mechanical coupling 
between the lower sealing head 3055 and the second inner sealing mandrel 
3045 includes one or more sealing members 3215 for fluididy sealing the 
int^ace between the second lower seating head 3055 and the second inner 
15 sealing mandrel 3045. The sealing members 3215 may comprise any number of 
conventional commercially available sealing members such aa, for example, o- 
nngSy potypak seals or metal spring energized seals. In a preferred 
embodiment, the sealing members 3215 comprise polypak seals available from 
Parker Seals in order to optimally provide sealing for long axial strokes. 
20 The second loww sealing head 3055 may be coupled to the load mandrel 

3065 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilGeld country tubular 
goods specialty type threaded connection, or a standard threaded connection. 
In a preferred embodiment, the second lower sealing head 3055 is removably 
25 coupled to the bad mandrel 3065 by a standard threaded connection. In a 
preferred embodiment, the mechanical coupling between the second lower 
sealing head 3055 and the load mandrel 3065 includes one or more sealing 
members 3220 for fluididy sealing the interface between the second lower . 
sealing head 3055 and the load mandrd 3065. The sealing members 3220 may 
30 comprise any number of conventional oommerdaQy available sealing members 
such as, for example, 6-rings, polypak seals or metal spring energized seals. In a 
preferred embodiment, the sealing members 3220 comprise polypak seals 
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available from Parker Seals in order to optimally provide sealing for a long axial 
stroke. 

In a preferred embodimenti the second lowar sealing head 3055 includes 
a throat passage 3225 fluididy coupled between the fluid passage&SlOO and 
5 3105. The throat passage 3225 is preferably ofreduced size and is adapted to 
receive and engage with a plug 3230, or other similar device. In this manner, 
the fluid passage 3100 is fluididy isolated from the fluid passage 3105. In this 
manner, the pressure chambers 3175 and 3190 are pressurized. Furthomore, 
the placement of the plug 3230 in the throat passage 3225 also pressurizes the 
10 pressure chambers 3130 of the hydraulic slips 3025. 

The second outer sealing mandrd 3060 is coupled to the second upper 
sealing head 3050 and the expansion cone 3070. The second outer sealing 
mandrel 3060 is also movably coupled to the inner surface of the casing 3075 
and the outer surface of the second lower sealing head 3055. In this maanerp 
15 the first upper sealing head 3030, first outer sealing mandrel 3040, second 
upper sealing head 3050, second outer sealing mandrel 3060, and the expansion 
cone 3070 redprocate in the axial direction. The radial dearance between the 
outer surface of the second outer sealing mandrel 3060 and the inner surface of 
the casing 3075 may range, for example, from about 0.025 to 0.375 inches. In a 
20 preferred embodiment, the radial dearance between the outer surface of the 
second outer sealing mandrel 3060 and the inner surface of the casing 3075 
ranges from about 0.025 to 0.125 indies in order to optimally provide 
stabilization for the expansion cone 3070 during the expansion process. The 
radial dearance between the inner surfim of the second outer sealing mandrel 
25 3060 and the outer surface of the second lower sealing head 3055 ms7 range, f^^ 
example, from about 0.0025 to 0.05 inches. In a preferred embodimmt, the 
radial dearance between the inn« surface of the second outer sealing mandrel 
3060 and the outer surface of the second lower sealing head 3055 ranges from 
about 0.005 to 0.01 inches in order to optimally provide wiinimAl radial 
30 dearance. 

The second outer sealing mandrel 3060 preferably con4)rise3 an annular 
member having substantially cylindrical inner and outer surfaces. The second 
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outer sealing mandrel 3060 may be fabricated from any number of conventional 
commercially ayailabjte materials such as, for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the second outer sealing mandrel 3060 is 
5 fabricated from stainless steel in ord^ to optimally provide high strength, 
corrosion resistance, and low friction surfaces. 

The second outer sealing mandrel 3060 may be cmifAed to the second 
upper sealing head 3050 using any number of conventional commercially 
available mechanical couplings such as, for example, driUpipe connection, 
10 oilfield country tubular goods specialty type threaded connection, or a standard 
threaded connection. In a preferred embodiment, the outer sealing mandrel 
3060 is removably coupled to the second upper sealing head 3050 by a standard 
threaded connection. The second outer sealing mandrd 3060 may be coupled to 
the expansion cone 3070 using any number of conventional commercially 
15 available mechanical couplings such as, for example, driUpipe connection, 
oilfield countiy tubular goods specialty type threaded connection, or a standard 
threaded connection. In a preferred embodiment, the second outer sealing 
mandrel 3060 is removably coupled to the expansion cone 3070 by a standard 
threaded connection. 
20 The first upper sealing head 3030, the first lower sealing head 3035, the 

first inner sealing mandrel 3020, and the first outer sealing mandrel 3040 
together define the first pressure chamber 3175. The second upper sealing head 
3050, the second lower sealing h^ 3055, the second inner sealing mandrel 
3045, and the second outer sealing mandrel 3060 together define the second 
25 pressure chambCT 3190. The first and second pressure chambers, 3175 and 
3190, are fluidicly coupled to the passages, 3095 and 3100, via one or more 
passages, 3115 and 3120. During operation of the apparatus 3000, the plug 
3230 engages with the throat passage 3225 to fluidicly isolate the fluid passage 
3100 from the fluid passage 3105. The pressure chambers, 3175 and 3190, are 
30 then pressurized which in turn causes the first upper sealing head 3030, the 
first outer sealing mandrel 3040, the second upper sealing head 3050, the 
second outer sealing mandrel 3060, and expansion cone 3070 to reciprocate in 
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the axial direction. The axial motioa of the expansion cone 3070 in turn 
expands the casing 3075 in the radial direction. The use of a plurality of 
pressure chambers, 3175 and 3190, effectively multiplies the available driving 
force for the expansion cone 3070. 
5 The load mandrel 3065 is coupled to the second lower sealing head 3055. 

The load mandrel 3065 preferably comprises an annular member having 
substantiaUy cylindrical inner and outer surfaces. The load mandrel 3065 may 
be fabricated from any niunber of conventional conmierdally available 
materials such as, for example, oilfield country tubular goods, low alloy steel, 
10 carbon steel, stainless steel or other similar hi^ strength materials. In a 
preferred embodiment, the load mandrel 3065 is fabricated from stainless steel 
in order to optimally provide high strength, corrosion resistance, and low 
friction surfaces. 

The load mandrel 3065 may be coupled to the lower sealing head 3055 
15 using any numba of conventional commerdaUy available mechanical couplings 
such as, for example, epoxy, cement, water, drilling mud, or lubricants. In a 
preferred embodiment, the load mandrel 3065 is removably coupled to the lower 
sealing head 3055 by a standard threaded connection. 

The load mandrel 3065 preferably includes a fluid passage 3105 that is 
20 adapted to convey fluidic materials from the fluid passage 3100 to the r^on 
outside of the apparatus 3000. In a preferred embodiment, the fluid passage 
3105 is a d a p t e d to convey fluidic materials audi aa, for example, cement, epoxy, 
water, drilling mud or lubricants at operating pressures and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallonaAninute. 
25 The expansion cone 3070 is coupled to the second outer sealing mandrel 

3060. The expanaion cone 3070 is also movabfy coupled to the inner surface of 
the casing 3075. In this manner, the first upper sealing head 3030, first outer 
sealing mandrel 3040, second upper sealing head 3050, second outer sealing 
mandrel 3060, and the expansion cone 3070 reciprocate in the axial direction. 
30 The reciprocation of the expansion cone 3070 causes the casing 3075 to expand 
in the radial direction! 
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The expansion cone 3070 preferably comprises an anntilar member 
having substantially cylindrical inner and conical outer surfaces. The outside 
radius of the outside conical surface may range, for example, from about 2 to 34 
inches. In a preferred embodiment, the outside radius of the outside conical 
5 sxirface ranges from about 3 to 28 inches in order to optimally provide an 
expansion cone 3070 for expanding typical casings. The axial length of the 
expansion cone 3070 m^y range, for example, from about 2 to 8 times the 
maximum outer diameter of the expansion cone 3070. In a preferred 
embodimait, the axial length of the expansion cone 3070 ranges from about 3 

10 to 5 times the maximum outer diameter of the expansion cone 3070 in order to 
optimally provide stabilization and centralization of the expansion cone 3070 
diuring the expansion process. In a particularly preferred embodiment, the 
TTiaTifmim outside diameter of the expansion cone 3070 is between about 95 to 
99 % of the inside diameter of the existing wellbore that the casing 3075 will be 

15 joined with. In a preferred embodiment, the angle of attack of the expansion 
cone 3070 ranges from about 5 to 30 degrees in order to optimally balance the 
frictional forces with the radial expansion forces. 

The expansion cone 3070 may be fabricated fit>m any number of 
conventional commercially available materials such as, for example, machine 

20 tool steel, nitride sted, titanium, tungsten carbide, ceramics, or other similar 
high strength materials. In a preferred embodiment, the expansion cone 3070 
is fabricated fit>m D2 machine tool steel in order to optimally provide high 
strength and resistance to wear and galling. In a particularly preferred 
embodiment, the outside surface of the expansion cone 3070 has a surface 

25 hardness ranging &x>m about 58 to 62 RockweU C in order to optimally provide 
high strength and resistance to wear and galling. 

The expansion cone 3070 may be coupled to the second outside sealing 
mandrel 3060 using any number of conventional commercially available 
mechanical oouplingB such as, for example, driUpipe connection, oilfield country 

30 tubular goods spedally lype threaded connection, ratdiet-latch type connection 
or a standard ttireade^ connection. In a preferred embodiment, the expansion 
cone 3070 is coupled to the second outside sealing mandrel 3060 using a 
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Standard threaded connection in order to optimaUy provide higb strength and 
easy disassembly. 

The casing 3076 is removably coupled to the slips 3025 and the expansion 
cone 3070. The casing 3075 preferably comprises a tubularmember. The 
5 casing 3075 m^ be fabricated from any number of conventional commerdally 
available materials such as, for example, slotted tobulars, oilfield countzy 
tubular goods, carbon steel, low aUoy steel, stainless steel, or other similar high 
strength materials. In a prtfored onbodiment, the casing 3075 is fabricated 
from oilfield country tubular goods available from various foreign and domestic 
10 steel mills in order to optimal^ provide high strength. 

In a preferred embodiment, the upper end 3235 of the casing 3075 
indudes a thin waU section 3240 and an outer annular sealing member 3245. 
In a prefetred embodiment, the wall thickness of tiie thin wail section 3240 is 
about 50 to 100 % of the regular wall thickness of the casing 3075. In this 
15 manner, the upper end 3235 of the casing 3075 may be easily radiaUy expanded 
and deformed into intimate contact with the loww end of an existing section of 
weUbore casing. In a preferred embodiment, the lower end of the existing 
section of casing also indudes a thin wall section. In this manner, the mdial 
expansion of the thin walled section 3240 of casing 3075 into the thin walled 
20 section of the existing wellbore casing results in a weUbore casing having a 
substantially constant inside diametn. 

The annular sealing member 3245 mi^r be fabricated from any number of 
conventional oommerdaUy available sealing materials such as, for example, 
epo^, rubber, metal or plastic. In a preferred embodiment, the annular sealing 
25 member 3245 is fabricated fit>m StrataLock epooy in order to optimaUy provide 
compressibility and wear resistance. The outside diameter of the annular 
sealing member 3245 preferably ranges from about 70 to 95 % of the inside 
diameter of the lower section of the wellbore casing that the ^^-ing 3075 is 
joined to. In this manner, after radial expansion, the annular sealing member 
30 3245 optimally provides a fluidic seal and also preferably optimally provides 
sufficient fiidional force with the inside surface of the existing section of 
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wellbore casing during the radial expansion of the casing 3075 to support the 
casing 3075. 

In a preferred embodiment, the loww end 3250 of the casing 3075 
includes a thin waU section 3265 and an outer annular sealing member 3260. 
5 In a preferred embodiment, the wall Uuckness of the thin wall section 3255 is 
about 50 to 100 % of the regular waU thickness of the casing 3076. In this 
manner, the lower end 3250 of the casing 3076 may be &eify expanded and 
deformed. Furthermore, in this manner, an other section <rf casing mey be 
easily joined with the lower end 3260 of the casing 3075 using a radial 
10 expansion process. In a preferred embodimait, the upper aid of the other 
section of casing also includes a thin waU section. In this manner, the radial 
expansion of the thin waUed section of the uppo- end of the other casing into 
the thin waUed section 3255 of the lower md 3250 of the casing 3075 results in 
a wellbore casing having a substantial^ constant inside diameter. 
15 The upper annular sealing member 3245 may be fobricated from any 

number of conventional commerdally available sealing materials such as. for 
example, epoxy, rubber, metal or plastic. In a preferred embodiment, the upper 
annular sealing menober 3245 is fabricated from Stratalock epoxy in order to 
optimally provide comptessibility and resistance to wear. The outside diameter 
20 of the upper annular sealing member 3245 preferably ranges from about 70 to 
95 % of the inside diameter of the lower section of the existing wcUbore casing 
that the casing 3075 is joined to. In this manner, after radial expansion, the 
upper annular sealing member 3246 preferably provides a fluidic seal and also 
preferably provides sufEdent frictional force with the inside wall of the 
25 wellbore during the radial expansion of the casing 3075 to support the casing 
3075. 

The lower annular sealing member 3260 may be fabricated from any 
number of conventional commerdally available sealing materials such as, for 
example, epo^, rubber, metal or plastic In a preferred embodiment, the lower 
30 annular sealing member 3260 is fabricated from StrataLock epoxy in order to 
optimally provide compressibility and resistance to wear. The outside diameter 
of the low» annular sealing member 3260 preferab^ ranges from about 70 to 
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95 % of the inside diameter of the lower section of the existing wellbore casing 
that the casing 3075 is joined to. In this manner, the lower annular sealing 
member 3260 preferabfy provides a fluidic seal and also preferably provides 
sufficient fiictional force with the inside wall of the wellbore during the radial 
5 expansion of the casing 3075 to support the casing 3075. 

During operation, the i^paratus 3000 is inferably positioned in a 
weUbore with the upper end 3235 of the casing 3075 positioned m an 
overlapping relationship with tiie lower end of an existing weUbore casing. In a 
particular^ preferred embodiment, the thin wall section 3240 of Uie casing 
10 3075 is positioned in opposing overlapping relation with the thin waU section 
and outer annular sealing member of the lower end of the existing section of 
wellbore casing. In this manner, the radial expansion of the casing 3075 will 
compress the thin wall sections and annular compressible membos of the upper 
end 3235 of the casing 3075 and the lower end of the existing wellbore casing 
15 into intimate contact During the positioning of the apparatus 3000 in the 
weUbore, the casing 3000 is preferably supported by tiie expansion cone 3070. 

After positioning the apparatus 3000, a Orst fluidic material is then 
pumped into the fluid passage 3080. The first fluidic material nuqr comprise 
any numbo- of conventional commercially available tn«*^-a^ft audi as, for 
20 example, drilling mud, water, epoxy, cement, slag mix or lubricants. In a 
preferred embodiment, the Gist fluidic material comprises a hardenable fluidic 
sealing material such as, for example, cement, epoxy, or slag mix in order to 
optimally provide a hardenable outer annular bo4y around the expanded casing 
3075. 

25 first fluidic material may be puny»ed into the fluid passage 3080 at 

operating pressures and flow rates ranging, for example, from about 0 to 4,500 
psi and 0 to 4,500 gaUona/minute. In a preferred embodiment, the first fluidic 
material is pumped into the fluid passage 3080 at operating pressures and flow 
rates ranging from about 0 to 3,500 psi and 0 to 1,200 gaUons/minute in order 
30 to optimally provide operating ^dency. 

The first fluidic material pumped into the fluid passage 3080 passes 
through the fluid passages 3085, 3090, 3095, 3100, and 3105 and then outside of 
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the apparatus 3000. The first fluidic material then preferably fills the annular 
region between the outside of the apparatus 3000 and the interior walls of the 
wellbore. 

The plug 3230 is then introduced into the fluid passage 3080. The plug 
5 3230 lodges in the throat passage 3225 and fluidicty isolates and blocks off the 
fluid passage 3100. In a preferred embodiment, a couple of volumes of a non- 
hardenable fluidic material are then pumped into the fluid passage 3080 in 
order to remove any hardenable fluidic material contained within and to ensure 
that none of the fluid passages are blocked. 
10 A second fluidic material is then pumped into the fliud passage 3080. 

The second fluidic material may comprise any number of conventional 
commercial^ available materials such as, for example, water, drilling gases, 
drilling mud or lubricant In a preferred embodiment^ the second fluidic 
material comprises a non-hardenable fluidic material such as, for example, 
15 water, drilling mud, drilling gases, or lubricant in ord» to optimally provide 
pressurization of the pressure chambers 3175 and 3190. 

The second fluidic material may be pumped into the fluid passage 3080 at 
operating pressures and flow rates ranging, for example, from about 0 to 4,500 
psi and 0 to 4,500 gaUons/minute. In a preferred embodiment, the second 
20 fluidic material is pumped into the fluid passage 3080 at operating pressures 
and flow rates ranging fix)m about 0 to 3,500 psi and 0 to 1,200 gaUons/minute 
in order to optimaUy provide operational efficiency. 

The second fluidic material pumped into the fluid passage 3080 passes 
through the fluid passages 3085, 3090, 3095, 3100 and into the pressure 
25 chambers 3130 of the sUpo 3025, and into the pressure chambers 3175 and 
3190. Continued pumping of the second fluidic material pressurizes the 
pressure chamboa 3130, 3175, and 3190. 

The pressurization of the pressure chambers 3130 causes the hydraulic 
slip members 3 140 to expand in the radial direction and grip the interior 
30 surface of the casing 3075. Thecasing3075i8 then preferably maintained in a 
substantially stationary position. 
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The pressurizatioa of the pressure chambers 3176 and 3190 cause the 
first upper sealipg head 3030, first outer sealing mandrel 3040, second upper 
sealing head 3050, second outer sealing mandrd 3060, and expansion cone 3070 
to move in an azial direction relative to the casing 3076. In this manner, the 
5 expansion cone 3070 will cause the casing 3075 to expand in the radial 
direction, beginning with the lower end 3250 of the casing 3075. 

During the radial expansion process, the casing 3075 is prevented from 
moving in an upward direction hy the slips 3025. A length of the casing 3075 is 
then expanded in the radial direction through the preesurization of the pressure 
10 diambers 3175 and 3190. The length of the casing 3075 that is expanded 
during the expansion process will be proportional to the stroke length of the 
first upper sealing head 3030, first outer sealing mandrel 3040, second upper 
sealing head 3050, and expansion cone 3070. 

Upon the completion of a stroke, the operating pressure of the second 
15 fluidic material is reduced and the first upper sealing head 3030, first outer 
sealing mandrel 3040, second upper sealing head 3060, second outer sealing 
mandrel 3060. and ecpanaion cone 3070 drop to their rest positions with the 
casing 3075 supported hy the expansion cone 3070. The reduction in the 
operating pressure of the second fiuidic matoial alao causes the spring bias 
20 3135 of the slips 3025 to puU the slip members 3140 away from the inside walls 
of the casing 3075. 

Th« position of the drillpipe 3075 is preferably a4}usted throughont the 
radial expansion process in arder to maintain the overlapping relationahip 
between the thin waUed sections of the lower end of the ensting wellbare casing 
25 and the upper end of the casing 3236. In a preferred embodiment, the stroking 
of the expansion cone 3070 is then repeated, as neoessary, until the thin walled 
section 3240 of the upper end 3235 of the caaing 3076 is expanded into the thin 
walled section of the lower end of the existing wellbore casing. In this manner, 
a wellbore casing is farmed induding two adjacent sections of casing having a 
30 substantially constant inside diameter. This process may then be repeated for 
the entirety of the wellbore to provide a wellbore caaing thousands of feet in 
length having a substantially constant inside diameter. 
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In a preferred embodiment, during the Gnai stroke of the expansion cone 
3070, the slips 3025 are positioned as dose as possible to the thin walled section 
3240 of the upper end 3235 of the casing 3075 in order minimixe slippage 
between the casing 3075 and the existing wellbore casing at the end of the 
5 radial expansion process. Alternatively, or in addition, the outside diameter of 
the upper annular sealing member 3245 is selected to ensure sufficient 
interference fit with the inside diameter of the lower end of the existing cssing 
to prevent axial displacement of the casing 3075 during the final stroke. 
Alternatively, or in addition, the outside diameter of the lower attwi^ nr sealing 
10 member 3260 is selected to provide an interference fit with the inside walls of 
the wellbore at an earlier point in the radial expansion process so as to prevent 
further axial displaoem wt of the casing 3075. In this final alternative, the 
interference fit is preferably selected to permit expansioo of the casing 3075 by 
pulling the expansion cone 3070 out of the wellbore, without having to 
15 pressurize the pressure chambers 3175 and 3190. 

During the radial expansion process, Uie pressurized areas of the 
apparatus 3000 are preferably limited to the fluid passages 3080, 3085, 3090, 
3095, 3100, 3110, 3115, 3120, the pressure chambers 3130 within the slips 
3025, and the pressure chambers 3175 and 3190. No fluid pressure acts directly 
20 on the casing 3075. This permits the use of operating pressures higher than the 
casing 3075 could normally withstand. 

Once the casing 3075 has been completely expanded ofi'of the expansion 
cone 3070, the remaining portions of the apparatus 3000 are removed firom the 
wellbore. In a prcf (ored »nbodiment» the contact pressure betwe^ the 
25 deformed thin wall sections and conqvessible « nf^ MlflT members of the lower 
end of the existing casing and the upper end 3235 of the casing 3075 ranges 
irom about 400 to 10,000 psi in order to optimal^ support the casing 3075 
using the existing wellbore casing. 

In this mamier, the casing 3075 is radially expanded into contact with an 
30 existing section of casing fay pressurizing the interior fluid passages 3080, 3085, 
3090, 3095, 3100, 31ld, 3115, and 3120, the pressure chambers 3130 of the sUps 
3025 and the pressure chambers 3175 and 3190 of the apparatus 3000. 
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In a preferred embodiment, as required, the annular body of hardenable 
fluidic material is then allowed to cure to form a rigid outer annular body about 
the expanded casing 3075. In the case where the casing 3075 is slotted, the 
oured fluidic material preferably permeates and envelops the expanded casing 
5 3075. The resulting new section of weUbore casing includes the expanded 
casing 3075 and the rigid outer annular body. The overlapping joint between 
the pre-existing wellbore casing and the expanded casing 3075 includes the 
deformed thin wall sections and the compressible outer annular bodies. The 
inner diameter of the resulting combined weUbore casings is substantially 

10 constant In this manner, a mono-diameta wellbore casing is formed. This 
process of expanding overli^ping tubular members having thin waU end 
portions with compressible annular bodies into contact can be repeated for the 
entire length of a wellbore. In this manner, a mono-diameter wellbore casing 
can be provided for thousands of feet in a subterranean formation. 

15 In a preferred embodiment, as the expansion cone 3070 nears the upper 

end 3235 of the casing 3075, the opmiting flow rate of the second fluidic 
material is reduced in order to minimize shodc to the apparatus 3000. In an 
alternative embodimenti the apparatus 3000 tndudes a shock absorber for 
absorbing the shock created by the completion of the radial expansion of the 

20 casing 3075. 

In a preferred entibodiment, the reduced operating pressure of the second 
fluidic material ranges from about 100 to 1,000 pei as the expansion cone 3070 
nears the end of the casing 3075 in order to optimaUy provide reduced axial 
movoDttt and velocity of the expansion cone 3070. In a preferred embodiment, 

25 the opovting pressure of the second fluidic material is reduced duri^ 

return stroke of the apparatua 3000 to the range of about 0 to 500 pei in order 
minimize the resistance to the movement of the expansion cone 3070 during the 
return stroke. In a preferred embodiment, the stroke length of the apparatus 
3000 ranges from about 10 to 45 feet in order to optimally provide equipment 

30 that can be easily handled by typical oil well rigging equipment and also 
minimiz e the frequency at which the apparatus 3000 must be re«stroked. 
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In an alternative embodiment, at least a portion of one or both of the 
upper sealing heads, 3030 and 3050, includes an eqiansion cone for radially 
expanding the casing 3075 during operation of the i4>piBratus 3000 in order to 
increase the surface area of the casing 3075 acted upon during the radial 
5 expansion process. In this manner, the operating pressures can be reduced. 
Alternatively, the apparatus 3000 may be used to join a first section of 
pipeline to an ezislang section of pipeline. Alternatively, the apparatus 3000 
may be used to directly line the interior of a weUbore with a casing, without the 
use of an outer annular layer of a hard«iable material. Alternatively, the 
10 apparatus 3000 mqy be used to expand a tubular siqiport member in a hole. 

Referring now to Figure 21, an i4>paratu8 3330 for isolating subterranean 
zones will be described. A wellbore 3305 induding a casing 3310 are positioned 
in a subtoranean formation 3315. The subterranean formation 3315 includes a 
number of productive and non-productive zones, induding a water zone 3320 
15 and a targeted oQ sand zone 3325. During exploration of the subterranean 
formation 3316, the weUbore 3305 may be extended in a weU known manner to 
traverse the vazioua productive and non-productive zones, induding the wat« 
zone 3320 and the targeted oil sand zone 3325. 

In a preforred onbodimait, in order to Quididy isolate the water zone 
20 3320 from the targeted oil sand zone 3325, an apparatus 3330 is provided that 
indudes one or more sections of soUd casing 3335, one or more external seals 
3340, one or more sections of slotted casing 3346, one or more intermediate 
sections of solid casing 3350, and a solid shoe 3365. 

The solid casing 3335 may provide a fluid conduit that transmits fluids 
25 and other m a t w ri ab from one end of the solid easing 3335 to the other end of 
the solid casing 3335. The solid casing 3335 may comprise any number of 
conventional commerdally available sections of solid tubular casing sudi as, for 
example, oOfidd tubulars fobricated from dmmiium sted or fiberglass. In a 
preferred embodiment, the solid cashig 3335 comprises oilfield tubulars 
30 available from various fordgn and domestic steel wnH* 

The solid casing 3335 is preferably coupled to the casing 3310. The soUd 
casing 3335 may be coupled to the casing 3310 using any number of 
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conventional conunerdally available processes such as, for example, welding, 
slotted and expandable connectors, .or expandable solid connectors. In a 
preferred embodiment, the solid casing 8335 is coupled to the casing 3310 by 
using expandable solid connectors. The solid casing 3335 may comprise a 
5 plurality ofsuch solid casings 3335. 

The solid casing 3335 is preferably coupled to one more of the slotted 
casings 3345. The solid casing 3335 may be coupled to the slotted casing 3345 
using any numb^ of conventional commercially available processes such as, for 
example, welding, or slotted and expandable connectors. In a preferred 
10 embodiment, the solid casing 3335 is coupled to the slotted casing 3345 by 
expandable solid connectors. 

In a preferred embodiment, the casing 3335 includes one more valve 
members 3360 for controlling the flow of fluids and oth^ materials within Uie 
interior region of Oie casing 3335. In an alternative embodiment, during the 
15 production mode of operation, an internal tubular string with various 

arrangements of packers, prorated tubing, sliding sleeves, and valves may be 
employed within the apparatus to provide various options for commingling and 
isolating subterranean zones from each other while providing a fluid path to the 
surface. 

20 In a particularily preferred embodiment, the casing 3335 is placed into 

the wellbore 3305 by expanding the caaing 3335 in the radial direction m^ 
intimate contact with the interior walla of the wellbore 3305. The casing 3335 
may be expanded in the radial direction using any number of conventional 
commercially available methods. In a pref erred embodiment, the casing 3335 is 

25 expanded in the radial direction using one or more of the processes and 
apparatus described within the presmt disdosure. 

The seala 3340 prevrot the passage of fluids and other materials within 
the annular region 3365 between the solid casings 3335 and 3350 and the 
wellbore 3305. The seals 3340 may comprise any number of conventional 

30 commercially available sealing materials suitable for sealing a casing in a 
wellbore such as, for example, lead, rubber or epoicy. In a preferred 
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embodiment, the seals 3340 comprise Stratalok epoxy material available from 
Halliburton Energy Services. 

The slotted casing 3345 permits fluids and other materials to pass into 
and out of the interior of the slotted casing 3345 from and to the annular region 
5 3365. In this manner, oil and gas may be produced from a producing 
subterranean zone within a subterranean formation. The slotted casing 3345 
may comprise any number of conventional commercially available sections of 
slotted tubular casing. In a preferred embodiment, the slotted casing 3345 
comprises expandable slotted tubular casing available fit>m Petroline in 
10 Abeerdeen, Scotland. In a particularly prefmed embodiment, the slotted 
casing 145 comprises expandable slotted sandscreen tubular casing available 
from Petroline in Abeerdeen, Scotland. 

The slotted casing 3345 is preferably coupled to one or more solid casing 
3335. The slotted casing 3345 may be coupled to the solid casing 3335 using 
15 any number of conventional oommerdalfy available processes such as, for 
example, welding, or slotted or solid expandable connectors. In a preferred 
embodiment, the slotted casing 3345 is coupled to the solid casing 3335 by 
expandable solid connectors. 

The slotted casing 3346 is preferably coupled to one or more 
20 intermediate solid casings 3350. The slotted casing 3345 may be coupled to the 
intermediate solid casing 3350 using any number of conventional commercially 
available processes such as, for example, welding or expandable solid or slotted 
connectors. In a preferred embodiment, the slotted casing 3345 is coupled to 
the intermediate solid casing 3350 by expandable solid coimectors. 
25 The last section of slotted casing 3345 is preferably coupled to the shoe 

3355. The last slotted casiiig 3345 may be coupled to the shoe 3355 using any 
number of conventional commerdaUy available processes such as, for example, 
welding or expandable solid or slotted connectors. In a prefored embodiment, 
the last slotted casing 3345 is coupled to the shoe 3355 by an expandable solid 
30 connector. 

In an alternative embodiment, the shoe 3355 is coupled direct^ to the 
last one of the intermediate solid casings 3350. 
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In a preferred embodiment, the slotted casings 3345 are positioned 
within the wellbore 3305 by.expan4ing the slotted casings 3345 in a radial 
direction into intimate contact with the interior walla of the wellbore 3305. The 
slotted casings 3345 may be eaqmnded in a radial direction using any number of 
5 conventional commercially available processes. In a preferred embodiment, the 
slotted casings 3345 are expanded in the radial direction using one or more of 
the processes and apparatus disclosed in the present disclosure with reference 
to Figures 14a-20. 

The intermediate solid casing 3350 permits fluids and other materials to 

10 pass between adjacent slotted casings 3345. The intermediate solid casing 3350 
may con4>rise any number of conventional commercially available sections of 
solid tubular casing such as, for example, oilfield tubulars fabricated from 
chromiiun steel or fiberglass. In a preferred embodiment, the intermediate 
solid casing 3350 comprises oilfield tubulars available from foreign and 

15 domestic steel mills. 

The intermediate solid casing 3350 b preferably coupled to one or more 
sections of the slotted casing 3345. The intermediate solid casing 3350 may be 
coupled to the slotted casing 3345 using any niunber of conventional 
commercial^ available processes such aa, for example, welding, or solid or 

20 slotted expandable connectors. In a prrferred embodiment, the intermediate 
solid casing 3350 is coupled to the slotted casing 3345 1^ expandable solid 
connectors. The intermediate solid casing 3350 may comprise a plurality of 
such intermediate solid casing 3350. 

In a preferred embodiment, each intermediate solid casing 3350 includes 

25 one more vahra members 3370 for controlling the flow of fluids and other 
materials within the interior region of the intermediate casing 3350. In an 
alternative embodiment, aa will be recognized by persons having ordinary skill 
in the art and the benefit of the present disclosure, during the production mode 
of operation, an internal tubular string with various arrangements of packers, 

30 perforated tubing, sliding sleeves, and valves may be employed within the 
apparatus to provide various options for commingling and isolating 
subterranean zones from each other while providing a fluid path to the surface. 
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In a particularly preferred embodiment, the intermediate casing 3350 is 
placed into the wellbpre 3305 by expanding the intermediate casing 3350 in the 
radial direction into intimate contact with the interior walls of the wellbore 
3305. The intermediate casing 3350 may be expanded in the radial direction 
5 using any number of conventional conunerdally available methods. 

In an alternative embodiment, one or more of the intermediate solid 
casings 3350 may be omitted. In an alternative preferred embodiment, one or 
more of the slotted casings 3345 are provided with one or more seals 3340. 
The shoe 3355 provides a support memb^ for the iq>paratus 3330. In 
10 this manner, various production and exploration tools may be supported by the 
show 3350. The shoe 3350 may comprise any number of conventional 
commerciaUy available shoes suitable for use in a wellbore such as, for example, 
cement filled shoe, or an aluminum or composite shoe. In a preferred 
embodiment^ the shoe 3350 comprises an aluminum shoe available from 
15 Halliburton. In a preferred embodiment, the shoe 3355 is selected to provide 
sufEcient straigth in compression and tension to pmnit the use of high 
capacity production and exploration tools. 

In a particularly preferred embodiment, the apparatus 3330 includes a 
plurality of solid casings 3335, a plurality of seals 3340, a plurality of slotted 
20 casings 3345, a plurality of intermediate solid casings 3350, and a shoe 3355. 
More generally, the apparatus 3330 may comprise one or more solid casings 
3335, each with one or more valve members 3360, n slotted casings 3345, n*l 
intermediate solid casings 3350, each, with one or more valve members 3370, 
and a shoe 3355. 

25 During operation of the apparatus 3330, oil and gas may be controUably 

produced from the targeted oil sand zone 3325 using the slotted casings 3345. 
The oil and gas may then be transported to asurfaoe location using the solid 
casing 3335. The use of intermediate solid casings 3350 with valve members 
3370 permits isolated sections of the zone 3325 to be selectively isolated for 

30 production. The seals 3340 permit the zone 3325 to be fluididy isolated from 
the zone 3320. This seals 3340 further pmnits isolated sections of the zone 
3325 to be fluidic|y isolated from each othw. In this manner, the apparatus 
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3330 permits unwanted and/or non-productive subterranean zones to be 
fluididy isolated. 

In an alternative embodiment^ as will be recognized by persona having 
ordinary skill in the art and also having the benefit of the present^dosure, 
5 during the production mode of operation, an internal tubular string with 
various arrangements of packers, perforated tubing, sliding sleeves, and valves 
may be employed within the apparatus to provide various options for 
co mminglin g and isolating subterranean zones from each other while providing 
a fluid path to the surface. 

10 Referring to Figures 22a, 22b, 22c and 22d, an embodiment of an 

^paratus 3500 for forming a wellbore casing while drilling a wellbore will now 
be described. In a preferred embodiment, the apparatus 3500 indudes a 
support member 3505, a mandrel 3510, a mandrel launcher 3515, a shoe 3520, a 
tubular member 3525, a mud motor 3530, a driU bit 3535, a first fluid passage 

15 3540, a second fluid passage 3545, a pressure diamber 3550, a third fluid 
passage 3555, a cup seal 3560, a body of lubricant 3565, seals 3570, and a 
releasable coupling 3600. 

The support member 3505 is coupled to the mandrel 3510. The support 
member 3505 preferably comprises an annular member having suffident 
20 strength to carry and support the apparatus 3500 within the wellbore 3575. In 
a preferred embodiment^ the support member 3505 further indudes one or 
more conventional centralizers (not illustrated) to help stabilize the apparatus 
3500. 

The support member 3505 may comprise one or more sections of 
25 conventional commerdaQy available tubular materials such as, for example, 
oimddcountiy tubular goods, low aUoysted, stainless steel or carbon steel. In 
a preferred embodiment, the support member 3505 comprises coiled tubmg or 
driUpipe in order to optimaQy permit the placement of the apparatus 3500 
within a non-vertical wellbore. 
30 In a preferred embodiment, the support member 3505 indudes a first 

fluid passage 3540 for conveying fluidic materials fi-om a surface location to the 
fluid passage 3545. In a preferred embodiment, the first fluid passage 3540 is 
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adapted to convey fluidic materials such as water, drilling mud, cement, epoxy 
or slag mix at operating pressures and flow rates ranging from about 0 to 
10,000 psi and 0 to 3,000 gallons/minute. 

The mandrel 3510 is coupled to and supported by the support member 
5 3505. The mandrel 3510 is also coupled to and supports the mandrel launcher 
3515 and tubular member 3525. The mandrel 3510 is preferab^ adapted to 
controUably expand in a radial direction. The mandrd 3510 m^y comprise any 
number of conventional commerdaUy available mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 
10 embodimwti the mandrel 3510 comprises a hydraulic expansion tool as 

disclosed in U.S. Patent No. 5,348,095, the contents of which are incorporated 
herein by reCo^oe, modified in accordance with the teaehinga of the present 
disclosure. 

In a prderred onbodiment^ the mandrel 3510 indudes one or more 
15 conical sections for expanding the tubular member 3525 in the radial direction. 
In a preferred embodiment, the outer surfaces of the conical sections of the 
mandrel 3510 have a surface hardness ranging from about 58 to 62 Rockwell C 
in order to optimally radially expand the tubular mraiber 3525. 

In a preferred embodiment, the mandrd 3510 includes a second fluid 
20 passage 3545 fluidicly coupled to the first fluid passage 3540 and the pressure 
chamber 3550 for conveying fluidic materials fit>m the first fluid passage 3540 
to the pressure chamber 3550. In a preferred embodiment, the second fluid 
passage 3545 is adapted to convey fluidic matoials such as water, drilling mud, 
cement, epoxy or slag mix at operating pressures and flow rates ranging fi^m 
25 about 0 to 12,000 psi and 0 to 3,500 gaUonsAninute in order to optimally 
provide operating pressure for efficient operation. 

The mandrel launcher 3515 is coupled to the tubular member 3525, the 
mandrel 3510, and the shoe 3520. The n&andrd launcher 3515 preferably 
comprises a tapo^ annular member that mates with at a portion of at least 
30 one of the conical portiona of the outer surfoce of theinandr^ In a 
preferred embodimoii, the wall thickness of the mandrel launcher is less than 
the wall thickness of the tubular member 3525 in order to facilitate the 
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initiation of the radial expansion process and facilitate the placement of the 
apparatus in openings having tight clearances. In a preferred embodiment, the 
wall thickness of the mandrel launcher 3515 ranges from about 50 to 100 % of 
the wall thickness of the tubular member 3525 immediately adjacent to the 
5 mandrel launcher 3515 in order to optimally fadliate the radial expansion 
process and facilitate the insertion of the apparatus 3500 into wellbore casings 
and other areas with tight clearances. 

The mandrel launcher 3515 may be fabricated from any numb^ of 
conventional oommerdaUy available materials such as, for example, oilfield 
10 country tubular goods, low alloy steel, carbon steel or stainless steel. In a 
preferred embodiment, the mandrel launcher 3515 is fabricated from oilfield 
country tubular goods of higher strength by lower waU thickness than the 
tubular member 3525 in order to optimally provide a smaller container having 
approximately the same burst strength as the tubular member 3525. 
15 The shoe 3520 is coupled to the mandrel launcher 3515 and the 

releasable coupling 3600. The shoe 3520 preferably comprises a substantially 
annular member. In a preferred embodiment, the shoe 3520 or the releasable 
coupling 3600 include a third fluid passage 3555 fluididty coupled to the 
pressure chamber 3550 and the mud motor 3530. 
20 The shoe 3520 may comprise any number of conventional commerdusdly 

available shoes such as, for example, oemrat filled, aluminum or composite 
modified in accordance with the teachings of the present disclosure In a 
preferred embodimuit, the shoe 3520 comprisea a hi|^ strength shoe having a 
burst strength approximate^ equal to the burst strength of the tubular 
25 membo: 3525 and mandrel laimchv 3515. The shoe 3520 is preferably coupled 
to the mud motor 3520 hy a releasable coupling 3600 in ordn to optimally 
provide for rawval of the mud motor 3530 and drill nit 3535 upon the 
completion of a drilling and casing operation. 

In a preferred embodunent, the shoe 3520 indudn a releasable latch 
30 mechanism 3600 for retrieving and removing the mud motor 3530 and drill bit 
3535 upon the completion of the drilling and casing formation operations. In a 
preferred embodiment, the shoe 3520 further includes an anti-rotation device 
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for maintaining the shoe 3520 in a substantially stationazy rotational position 
during operatipn of tlie apparatus 3900. In a preferred embodiment, the 
releasable latch mechanism 3600 is releasably coupled to the shoe 3520. 

The tubular member 3525 is supported by and coupled to the mandrel 
5 3510. The tubular member 3525 is expanded in the radial direction and 
extruded off of the mandrel 3510. The tubular member 3525 may be fabricated 
from any number of conventional oommerdally available materials such as, for 
example, Oilfield Country Tubular Goods (OCTG), 13 chromium steel 
tubin^casing, automotive grade steel, or plastic tubing/caaing. In a preferred 

10 embodiment, the tubular member 3525 is fabricated from OCTG in order to 
maximize strength after expansion. The inner and outer diameters of the 
tubular member 3525 may range, for example, from approximately 0.75 to 47 
inches and 1.05 to 48 inches, respectively. In a preferred embodiment, the 
inner and outer diameters of the tubular member 3525 range from about 3 to 

15 15.5 inches and 3.5 to 16 inches, respectively in order to optimally provide 
minimal telescoping effect in the most commonly drilled wellbore sizes. The 
tubular member 3525 preferably comprises an «Tniiilj>r member with solid 
walls. 

In a preferred embodiment, the upper end portion 3580 of the tubular 
20 member 3525 is slotted, perflated, or otherwise modified to catch or slow down 
the mandrel 3510 vdien the mandrel 3510 completes the extrusion of tubular 
member 3525. For typical tubular member 3525 i n ft tm^K the length of the 
tubular member 3S25 18 prafmdify liniited to b^ 

length. The tubular nMmJ)er 3525 may comprise a single tubular ni^^ 
25 alteraativdy, a phiraUty of tubular meoibsn coupled to one another. 

The mud motor 3530 is coupled to the shoe 3520 and the driU bit 3535. 
The mud mot<»r 3590 ia also fluidic^ coupled to the fluid passage 3556. In a 
preferred anbodimenti the mud motor 3530 is driven by fluidic mf»*m>^" such 
as, for example, drilling mud, water, cement, epaxy, lubricants or slag mix 
30 conveyed from the fluid passage 3555 to the mud motor 3630. In this manner, 
the mud motor 3530 drives the drill bit 3535. The operating pressures and flow 
rates for opiating mud motor 3530 nuiy range, for example, from about 0 to 
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12,000 psi and 0 to 10,000 gallons/minute. In a preferred embodiment, the 
operating pressures and flow rates for operating mud motor 3530 range from 
about 0 to 5,000 psi and 40 to 3,000 gallons/minute. 

The mud motor 3530 may comprise any number of conventional 
5 commercially available mud motors, modified in accordance with the teachings 
of the present disclosure. In a preferred embodiment, the size of the mud motor 
3520 and drill bit 3535 are selected to pass through the interior of the shoe 
3520 and the expanded tubular member 3525. In this manner, the mud motor 
3520 and drill bit 3535 may be retrieved from the downhole location upon the 
10 conclusion of the drilling and casing operations. 

The drill bit 3535 is coupled to the mud motor 3530. The driU bit 3535 is 
preferably adapted to be powered by the mud motor 3530. In this manner, the 
drill bit 3535 drills out new sections of the wellbore 3575. 

The drill bit 3535 may comprise any number of conventional 
15 commerdally available drill bits, modified in accordance with the teachings of 
the present disclosure. In a preferred embodiment, the size of the mud motor 
3520 and drill bit 3535 are selected to paas through the interior of the shoe 
3520 and the expanded tubular member 3525. In this manner, the mud motor 
3520 and drill bit 3535 may be retrieved from the downhole location upon the 
20 conclusion of the drilling and casing operations. In several alternative 

preferred embodiments, the drill bit 3535 comprises an eccentric drill bit, a bi- 
centered drill bit^ or a small diameter drill bit with an hydraulically actuated 
under reamer. 

The first fluid passage 3540 permits fluidic materials to be transported to 
25 the second fluid passage 3545, the pressure chamb^ 3550, the third fluid 

passage 3555, and the mud motor 3530. The first fluid passage 3540 is coupled 
to and positioned within the support member 3505. The first fluid passage 
3540 preferably extends from a position adjacent to the siuface to the second 
fluid passage 3545 within the mandrel 3510. The first fluid passage 3540 is 
30 preferably positioned along a centerline of the apparatus 3500. 

The second fluid passage 3545 permits fluidic materials to be conveyed 
from the first fluid passage 3540 to the pressure chamber 3550, the third fluid 

- 227 . 

SUBSTITUTE SHEET (RULE 26) 



wo 00/77431 



PCT/IL00/O024S 



passage 3565, and the mud motor 3530. The second fluid passage 3545 is 
coupled to and positipned within the mandrel 3510. The second fluid passage 
3545 i^efarably extends from a position a4jacent to the first fluid passage 3640 
to the bottom of the mandrel 3510. The second fluid passage 3545 is preferably 
5 positioned substan t ially along the centerline of the apparatus 3500. 

The pressure chambo- 3650 permits fluidic materials to be convened 
from the second fluid passage 3545 to the third fluid passage 3555, and the mud 
motor 3530. The pressure chamber is preferably defined by the region below 
the mandrel 3510 and within the tubular member 3525, mandrel launcher 
10 3515, shoe 3520, and releasable coupling 3600. During operation of the 

apparatus 3600, pressurization of the pressure chamber 3550 preferably causes 
the tubular member 3525 to be extruded oflTof the mandrel 3510. 

The third fluid passage 3555 permits fluidic materials to be conveyed 
from the pressure chamber 3560 to the mud motor 3530. The third fluid 
15 passage 3555 may be coupled to and positioned within the shoe 3520 or 

releasable coupling 3600. The third fluid passage 3556 preferably extends from 
a position adjacent to the pressure chamber 3660 to the bottom of the shoe 3520 
or releasable coupling 3600. The third fluid passage 3655 is preferably 
positioned substantially along the centerline of the apparatus 3500. 
20 The fluid passages 3540, 3645, and 3556 are preferably selected to convqr 

materials such as cement, drilling mud or qMxies at flow rates and pressures 
ranging from about.O to 3.000 gallona^ninute and 0 to 9,000 pei in order to 
optimally operational efficisacgr. 

The cup seal 3560 is coupled to and supported by the outer surface of the 
25 support member 3505. The cup seal 3560 prevento foreign materials from 
entering the interior r^on of the tubular member 3525. The cup seal 3560 
may comprise any number of conventional commercially available cup seals 
such as, for example. TP cups or SIP cops modified in aooordance with the 
teachings of the present disclosure. In a prefened embodiment, the cup seal 
30 3560 comprises a SIP cup, available from Halliburton Energy Services in Dallas. 
TX in order to optimally block the entry of foreign materiab and contain a body 
of lubricant In a preferred embodiment, the apparatus 3500 includes a 
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plurality of such cup seals in order to optimally prevent the entry of foreign 
material into the intmor rc^on of the tubular member 3525 in the vicinity of 
the mandrel 3510. 

In a preferred onbodiment, a quantity of lubricant 3565 is provided in 
5 the annular region above the mandrel 3510 within the interior of the tubular 
member 3525. In this manner, the extrusion of the tubular member 3525 off of 
the mandrel 3510 is facilitated. The lubricant 3565 may comprise any number 
of conventional commercially available lubricants such as, for example, 
Lubriplate, chlorine based lubricants, oil based lubricants or Climax 1600 
10 Antisieze (3100). In a preferred embodiment, the lubricant 3565 comprises 
Climax 1500 Antisieze (3100) available from Climax Lubricants and Equipment 
Co. in Houston, TX in order to optimally provide optimum lubrication to 
fadliate the expansion process. 

The seals 3570 are coupled to and supported by the end portion 3580 of 
15 the tubular member 3525. The seals 3570 are further positioned on an outer 
surface of the end portion 3580 of the tubular monber 3525. The seals 3570 
permit the overlapping joint between the lower end portion 3585 of a 
preexisting section of casing 3590 and the end portion 3580 of the tubular 
member 3525 to be fluididy sealed. The seals 3570 may comprise any number 
20 of conventional commercially available seals such as, for example, lead, rubber. 
Teflon, or epmqr seals modified in accordance with the teachings of the present 
disclosure. In a preferred embodiment, the seals 3570 are molded from 
Stratalock epoiy available from Halliburton Energy Services in DaUaa. TX in 
order to optimaUy provide a load bearing interference fit between the end 3580 
25 of the tubular member 3525 and the end 3585 of the preexisting casing 3590. 
In a preferred onbodiment, the seals 3570 are selected to optimally 
provide a sufficient frictional force to support the expanded tubular member 
3526 from the pre-existing casing 3690. In a preferred embodiment, the 
frictional force optimaUy provided by the seals 3570 ranges from about 1,000 to 
30 1.000,000 Ibf in order to optimally support the expanded tubular member 3525. 
The releasable (ioupling 3600 is preferably releasably coupled to the 
bottom of the shoe 3520. In a preferred embodiment, the rdeasable coupling 
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3600 includes fluidic seals for sealing the interface between the releasable 
coupling 3600 and the shoe 3520. In this manner, the pressure chamber 3550 
may be pressurized. The releasable coupling 3600 may comprise any number of 
conventional commercially available releasable couplings suitable for drilling 
5 operations modified in accordance with the teachings of the present disclosure. 

As Ulustrated in Figure 22A, during operation of the apparatus 3500, the 
apparatus 3500 is preferably initially positioned within a preexisting section of 
a wem>ore 3575 induding a preexisting section of wellbore casing 3590. In a 
preferred embodiment^ the upper end portion 3580 of the tubular member 3525 
10 is positioned in an overhqiping relationship with the lower end 3585 of the 
preexisting section of casing 3590. In a preferred embodiment, the apparatus 
3500 is initially positioned in the wellbore 3575 with the drill bit 353 in contact 
with the bottom of the wellbore 3575. During the initial fdacement of the 
apparatus 3500 in the wellbore 3575, the tubular member 3525 is preferably 
15 supported by the mandrel 3510. 

As illustrated in Figure 22B, a fluidic material 3595 is then pumped into 
the first fluid passage 3540. The fluidic material 3595 is preferably conveyed 
from the first fluid passage 3540 to the second fluid passage 3545, the pressure 
chamber 3650, the third fluid passage 3555 and the inlet to the mud motor 
20 3530. ThefluidicmaterialS595may comprise any number of conventional 
commercially available flitidic materials such as, for example, drilling mud, 
water, cement, epaxj or slag mix. The fluidic material 3595 may be pumped 
into the first fluid passage 3540 at operating pressures and flow rates ranging, 
for example, from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 
25 The fluidic material 3595 will entm the inlet for the mud motor 3530 and 

drive the mud motor 3530. The fluidic material 3595 wiU then exit the mud 
motor 3530 and enter the annular region auirounding the apparatus 3500 
within the wellbore 3575. The mud motor 3530 wiU in turn drive the drill bit 
3535. The operation of the drill bit 3535 will driO out a new section of the 
30 weUbore3575. 

In the case where the fluidic material 3695 comprises a hardenable 
fluidic material, the fluidic material 3595 preferably is permitted to cure and 
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form an outer annular body surrounding the periphery of the expanded tubular 
member 3525. Alternatively, in the case where the fluidic material 3595 is a 
non*hardenable fluidic material, the tubular member 3595 preferably ia 
expanded into intimate contact with the interior walls of the wellbore 3575. In 
5 this manner, an outer annular bo4y is not provided in all applications. 

As illustrated in Figure 22C, at some point during operation of the mud 
motor 3530 and drill bit 3535, the pressure drop across the mud motor 3530 
will create sufficient back pressure to cause the operating pressure within the 
pressure chamber 3550 to elevate to the pressure necessary to exlrude the 

10 tubular member 3525 off of the mandrel 3510. The elevation of the operating 
pressure within the pressure chamber 3550 will then cause the tubular member 
3525 to extrude off of the mandrel 3510 as illustrated in Figure 22D. For 
typical tubular members 3525, the necessary operating pressure may range, for 
example, from about 1,000 to 9,000 psi. In this manner, a wellbore casing is 

15 formed simultaneous with the drilling out of a new section of wellbore. 

In a particularly preferred embodiment^ during the operation of the 
apparatus 3500, the apparatus 3500 is lowered into the wellbore 3575 until the 
drill bit 3535 is proximate the bottom of the wellbore 3575. Tliroughout this 
process, the tubular member 3525 is preferably supported by the mandrel 3510. 

20 The apparatus 3500 is then lowered until the drill bit 35SS is placed in contact 
with the bottom of the wellbore 3575. At this point, at least a portion of the 
wei^t of the tubular member 3525 is supported by the drill bit 3535. 

The fluidic material 3595 is th«Ei pumped into the ISrst fluid passage 
3540, second fluid passage 3545, pressure chamber 3550, third fluid passage 

25 3555, and the inlet of the mud motor 3530. The mud motor 3530 th» drives 
the drill bit 3535 to drill out a new section of the wellbore 3575. Once the 
differential pressure across the mud motor 3530 exceeds the minimuTn 
extrusion presstire for the tubular member 3525, the tubular member 3525 
begins to extrude off of the mandrel 3510. As the tubular member 3525 is 

30 extruded off of the mandrel 3510, the weight of the extruded portion of the 
tubular member 3525 ia transferred to and supported by the drill bit 3535. In a 
preferred embodiment, the pumping pressure of the fluidic material 3595 is 
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maintained substantially constant throughout this process. At some point 
during the process of extruding the tubular member 3525 off of the mandrel 
3510, a sufBdent portion of the weight of the tubular member 3525 is 
transferred to the drill bit 3535 to atop the extrusion process due to the 
5 opposing force. Continued drilling by the drill bit 3535 eventually transfers a 
sufficient portion of the weight of the extruded portion of the tubular member 
3525 back to the mandrel 3510. At this points the eztniaion of the tubular 
member 3525 off of the mandrel 3510 continues. In thia manner, the support 
member 3505 never has to be moved and no driUpipe connections have to be 

10 made at the surface since the new section of the wellbore casing within the 
newly drilled section of wellbore is created by the constant downward feeding of 
the expanded tubular member 3525 off of the mandrel 3510. 

Once the new section of wellbore that is lined with the fully expanded 
tubular member 3525 is completed, the support member 3505 and mandrel 

15 3510 are removed from the wdlbore 3575. The drilling assembly including the 
mud motor 3530 and drill bit 3535 are then preferably removed by lowering a 
drillstring into the new section of wellbore casing and retrieving the driUing 
assembly by using the latch 3600. The expanded tubular member 3525 is then 
cemented using conventional squeeze cementing methods to provide a sohd 

20 annular sealing member around the periphezy of the expanded tubular member 
3525. 

Alternatively, the apparatus 3500 may be used to repair or form an 
underground pipeline or form a support member for a structure. In several 
preferred attemative embodiments, the teachings of the apparatus 3500 are 

25 combined with the teachings of the onbcdiments illustrated in Figures 1-21. 
For example, by operabfy eoufding the mud motor 3530 and drill bit 3535 to the 
pressure chambers used to cause the radial expansion of the tubular members 
of the embodimmts illustrated and described with reference to Figures 1-21, 
the use of plugs may be eliminated and radial expansion of tubular members 

30 can be combined with the drilling out of new sections of wellbore. 

Referring now to FIGS. 23A, 23B and 23C, an apparatus 3700 for 
expanding a tubular member will be described. In a preferred embodiment, the 
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jq>paratu8 3700 includes a support member 3705, a packer 3710, a first fluid 
conduit 3715, a^ annular fluid passage 3720, fluid inlets 3725, an annular seal 
3730, a second fluid conduit 3735, a fluid passage 3740, a mandrel 3745, a 
mandrel launcher 3750, a tubular member 3755, sUps 3760. and seals 3765. In 
5 a preferred embodiment, the apparatus 3700 is used to radially expand the 
tubular member 3756. In this manner, the apparatus 3700 may be used to form 
a wellbore casing, line a wellbore casing, form a pipeline, line a pipeline, form a 
structural support member, or repair a weUbore casing, pipeline or structural 
support member. In a preferred embodiment, the apparatus 3700 is used to 
10 clad at least a portion of the tubular member 3755 onto a preexisting tubular 
member. 

The support member 3705 is preferably coupled to the packer 3710 and 
the mandrel launcher 3750. The support member 3705 preferably comprises a 
tubular member fiabricated from any number of conventional commerdally 
15 available materials such as, for example, oilfield country tubular goods, low 
alloy steel, carbon steel, or stainless steel. The support member 3705 is 
preferably selected to fit through a preezisling section of wellbore casing 3770. 
In this manner, the apparatus 3700 may be positioned within the wellbore 
casing 3770. In a preferred embodiment, the support member 3705 is 
20 releasably coupled to the mandrel launcher 3750. In this manner, the support 
member 3705 m^ be decoupled from the mandrel launcher 3750 upon the 
completion of an extrusion operation. 

The packer 3710 is coupled to the support member 3705 and the first 
fluid conduit 3715. The packer 3710 preferably provides a fluid seal between 
25 the outside surface of the first fluid conduit 3715 and the inside surface of the 
support member 3705. In this manner, the packer 3710 preferably seals off 
and. in combination with the support member 3705. first fluid conduit 3715, 
second fluid conduit 3735, and mandrel 3745, defines an annular chamber 3775. 
The packer 3710 may comprise any number of conventional commerdally 
30 avaUable packers modified in accordance with the teachings of the present 
disdosure. 
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The first fluid conduit 3715 is coupled to the packer 3710 and the 
annular seal 3730. The first fluid conduit 3715 preferably comprises an annular 
member fabricated firom any number of conventional commercially available 
materials such as, for example, oilfield country tubular goods, lovr alloy steel, 
5 carbon steel, or stainless steel. In a preferred embodiment, the first fluid 
conduit 3715 includes one or more fluid inlets 3725 for conveying fluidic 
matmals from the annular fluid passage 3720 into the chamber 3775. 

The annular fluid passage 3720 is defined by and positioned between the 
interior surface of the first fluid conduit 3715 and the interior surface of the 
10 second fluid conduit 3735. The annular fluid passage 3720 is preferably 
adapted to convey fluidic materials such as cement, water, epoxy, lubricants, 
and slag mix at operating pressures and flow rates ranging from about 0 to 
9,000 psi and 0 to 3,000 gallons/minute in order to optimally provide 
operational eflidency. 
15 The fluid inlets 3725 are positioned in an end portion of the first fluid 

conduit 3715. The fluid inlets 3725 preferably are adapted to conv^ fluidic 
materials such as cement, wat^ , ^poxy, lubricants, and slag mix at operating 
pressures and flow rates ranging from about 0 to 9,000 pd and 0 to 3,000 
gallons/minute in order to optimally jmivide operational eCBdency. 
20 The annular seal 3730 is coupled to the first fluid conduit 3715 and the 

second fluid conduit 3735. The annular seal 3730 preferably provides a fluid 
seal between the interior surface of the first fluid conduit 3715 and the exterior 
surface of the second fluid conduit 3735. The annular seal 3730 fvrferably 
provicfea a fluid seal between the interior surface of the first fluid conduit 3715 
25 and the exterior sur&oe of the second fluid conduit 3735 during relative axial 
motion of the first fluid conduit 3715 and the second fluid conduit 3735. The 
annular seal 3730 may comprise any number of conventional conunerdally 
available seals sudi as, for example, o-rings, polypak seala or metal spring 
energized seals. In a preferred embodiment, the flfipiilar seal 3730 comprises a 
30 polypak seal available from Parker Seals in order to optimally provide sealing 
for axial motion. 
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The second fluid conduit 3735 is coupled to the annular seal 3730 and the 
mandrel 3745. The second i)uida>nduit preferably comprises a tubular 
member fabricated from any number of conventional commercially available 
materials such as, for example, coiled tubing, oilfield coimtry tubutar goods, low 
5 alloy steel, stainless steel, or low carbon steel. In a preferred embodiment, the 
second fluid conduit 3735 is adapted to convey fluidic materials such as cement, 
water, epoxy, lubricants, and slag mix at operating pressures and flow rates 
ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute in order to 
optimally provide operational efficiency. 
10 The fluid passage 3740 is coupled to the second fluid conduit 3735 and 

the mandrel 3745. In a preferred embodiment, the fluid passage 3740 is 
adapted to convey fluidic materials such as cement, water, epozy, lubricants, 
and slag mix at operating pressures and flow rates ranging from about 0 to 
9,000 psi and 0 to 3,000 gallons/minute in order to optimally provide 
15 operational efiSdenpy. 

The mandrel 3745 is coupled to the second fluid conduit 3735 and the 
mandrel laimcher 3750. The mandrel 3745 preferably comprise an anm^iAr 
member having a conic section fabricated from any number of conventional 
commercially available materials such as, for example, carbon steel, tool steel, 
20 ceramics, or composite materials. In a preferred embodiment, the ang^e of 
attack the conic section of the mandrel 3745 ranges from about 10 to 30 degrees 
in order to optimally expand the mandrel launcher 3750 and tubtdar member 
3755 in the radial direction. In a preferred embodiment, the surface hardness 
of the conic section of the mandrel 3745 ranges from about 50 Rockwell C to 70 
25 Rockwell C. In a particulariy prefOT^ ^nbodiment, the surface hardness of 
the out^ surface of the conic section of the mandrel 3745 ranges from about 58 
Rockwell C to 62 Rockwell C in order to optimally provide hi^ yield strength. 
In an alternative embodiment, the mandrel 3745 is expandable in order to 
further optimaUy augment the radial expansion process. 
30 The mandrel launcher 3750 is coupled to the stipport member 3705, the 

mandrel 3745, and the tubular member 3755. The mandrel launcher 3750 
preferably comprise a tubular member having a variable cross-sectiob and a 
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reduced wall thickness in order to facilitate the radial expansion process. In a 
preferred embodiment, the cross-s^onal area of the mandrel launcher 3750 at 
one end is adapted to mate with the mandrel 3745, and at the other end, the 
cross-fiectional area of the mandrel launcher 3750 is adapted to match the cross- 
5 sectional area of the tubular member 3755. In a preferred embodiment, the 
wall thickness of the mandrel launcher 3750 ranges from about 50 to 100 % of 
the wall thickness of the tubular member 3755 in order to facilitate the 
initiation of the radial expansion process. 

The mandrel launcher 3750 may be fabricated from any ntmiber of 
10 conventional commercially available materials such as, for example, oilfield 
country tubular goods, low allow steel, stainless steel, or carbon steel. In a 
preferred embodiment, the mandrel launcher 3750 is fabricated from oilfield 
country tubular goods having higher strength but lower wall thjrk n ^ than the 
tubular member 3755 in order to optimally match the burst strength of the 
15 tubular member 3755. In a preferred embodimoit, the mandrel launcher 3750 
is removabfy coupled to the tubular member 3755* In this manner, the mandrel 
launcher 3750 may be removed from the weUbore 3780 upon the completion of 
an extrusion operation. 

The tubular member 3755 is coupled to the mandrel launcher, the slips 
20 3760 and the seals 3765. The tubular member 3755 prefoably comprises a 
tubular monber fabricated bom any number of conventional commerdaUy 
available materiabauch as, for ezam|de, low all<qr sted, carbon steel, stainless 
sted, or oilfiddconntacy tubular goods. In a preferred embodiment, the tubular 
member 3755 is fidiricated from oilfield country tubular goods. 
25 The slips 3760 are couided to the outside surface of the tubular member 

3755. The slips 3760 preferab^ are adapted to couide to the interior walls of a 
casingi pipeline or other structure upon the radial eqpanaion of the tubular 
member 3755. In this manner, the alips 3760 provide atructural support for the 
expanded tubular member 3755. The alips 3760 may conqiriBe any numb^ of 
30 conventional commercially available slips, modified in accordance with the 
teachings of the preset disclosure. 
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The seals 3765 are coupled to the outside surface of the tubular member 
3755. The seals 3766. preferably provide a fluidic seal between the outside 
surface of the expanded tubular member 3755 and the interior walb of a casing, 
pipeline or other structure upon the radial expansion of the tubular member 
5 3755. In this manner, the seals 3765 provide a fluidic seal for the expanded 
tubular member 3755. The seals 3765 may comprise any number of 
conventional commercially available seals such as, for example, lead, rubber, 
Teflon or epoxy seals modified in accordance with the toarVmcH of the present 
disclosure. In a prefored embodiment, the seals 3765 comprise seals molded 
10 from Stratalock epoxy available from Halliburton Energy Services in Dallas, TX 
in order to optimally provide a hydraulic seal in the overlapping joint and 
optimally provide load carrying capacity to withstand the range of typical 
tensile and compressive loads. 

During operation of the apparatus 3700, the q)paratu8 3700 is preferably 
15 lowered into a wellbore 3780 having a preexisting section of wellbore casing 
3770. In a preferred embodiment, the apparatus 3700 is positioned with at 
least a portion of the tubular member 3755 overlapping with a portion of the 
wellbore casing 3770. In this manner, the radial expansion of the tubular 
member 3755 will preferably cause the outside surface of the expanded tubular 
20 niember 3755 to couple with the inside surface of the weUbore casing In a 
preferred embodiment, the radial expansion of the tubular member 3755 will 
also cause the slips 3760 and seals 3765 to engage with the interior surface of 
the wdlbore casing 3770. In this manner, the expanded tubular member 3755 
is provided with e n hanced structural support by the slips 3760 and an enhanced 
25 fluid seal by the seals 3765. 

As illustrated in FIG. 23B, after placement of the apparatus 3700 in an 
overlapping relationship with the weUbore casing 3770, a fluidic material 3785 
is preferably pumped into the chambo* 3775 using the fluid passage 3720 and 
the inlet passages 3725. In a preferred embodiment^ the fluidic material is 
30 pumped into the chambCT 3775 at operating pressures and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallons/minute in order to optimally 
provide operational efBciency. The pumped fluidic material 3785 increase the 
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operating pressure within the chamb^ 3775. The increased operating preaaure 
in the chamber 3775 then causes the mandrel 3745 to exiTude the mandrel 
launcher 3750 and tubular member 3755 off of the face of the mandrel 3745. 
The extrusion of the mandrel launcher 3750 and tubular member 3755 off of 
5 the face of the mandrel 3745 causes the mandrel launcher 3750 and tubular 
member 3755 to expand in the radial direction. Continued pumping of the 
fluidic mfi^'al 3785 preferably causes the entire length of the tubular member 
3755 to escpand in the radial direction. 

In a preferred embodimenti the pumping rate and pressure of the fluidic 
10 material 3785 ia reduced during the latter stages of the eztnision process in 
order to minimize shock to the apparatus 3700. In a preferred embodim«t» the 
apparatus 3700 includes shock absorbers for absorbing the shock caused by the 
completion of the extrusion process. 

In a preferred embodiment^ the extrusion process causes the mandrel 
15 3745 to move in an axial direction 3785. During the axial movement of the 
mandrel, in a preferred embodiment, the fluid passage 3740 conveys fluidic 
material 3790 displaced by the moving mandrel 3745 out of the weUbore 3780. 
In this manner, the operational efficiency and apeed of the extrusion process is 
enhanced. 

20 In a preferred embodiment, the extrusion process includes the injection 

of a hardenable fluidic material into the annular region between the tubular 
member 3755 and the bore hole 3780. In this manner, a hardened sealing layer 
is provided b etwocn the expanded tubular member 3755 and the interior walla 
of the wdlbore 3780. 

25 Aa illuatrated in FIG. 23C, in a preferred embodimenti upon the 

completion of the extrusion process, the support member 3705, packer 3710, 
first fluid conduit 3715, annular seal 3730, second fluid conduit 3735, mandrd 
3745, and mandrd launcher 3750 are moved from the wellbore 3780. 

In an alternative embodimoit, the qyparatus 3700 is used to repair a 

30 preexisting wdlbore casing, pipeline, or structural support* In this altmiative 
embodiment, both ends of the tubular memb« 3755 preferabfy include slips 
3760 and seals 3765. 
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In an alternative embodiment, the apparatus 3700 is used to form a 
tubular structural support for a building or ofishore structure. 

Referring now to FIGS. 24A, 24B. 24C, 24D. and 24E. an apparatus 3900 
for expanding a tubular member will be described. In a preferred. embodiment, 
5 the apparatus 3900 includes a support member 3905. a mandrel launcher 3910, 
a mandrel 3915, a first fluid passage 3920, a tubular membo^ 3925, sUps 3930, 
seals 3935, a shoe 3940, and a second fluid passage 3945. In a preferred 
embodiment, the apparatus 3900 is used to radially expand the mandrel 
launcher 3910 and tubular member 3926. In this manner, the apparatus 3900 
10 may be used ta form a wellbore casing, line a weUbore casing, form a pipeline, 
line a pipeline, form a structural support member, or repair a wellbore casing, 
pipeline or structural support member. In a preferred embodiment, the 
^paratus 3900 is used to dad at least a portion of the tubular member 3925 
onto a preexiating structural member. 

15 The support member 3905 is preferably coupled to the mandrel laundier 

3910. The support member 3905 preferably comprises a tubular member 
fabricated from any number of conventional conunerdally available miit«n>h 
such as, for example, oilfield country tubular goods, low alloy steel, carbon steel, 
or stainless sted. The support member 3905, the mandrel laundier 3910, the 
20 tubular member 3925, and the shoe 3940 are preferably selected to fit through a 
preexisting section of wellbore casing 3950. In this manner, the apparatus. 3900 
may be positioned within the weUbore casing 3970. In aprefored embodiment, 
the suppcKt member 3905 is releasably coupled to the mandrd launcher 3910. 
In this manner, the support member 3905 may be decoupled from the mandrel 
25 laundier 3910 upon the oonqdetion of an eztansion operation. 

The mandrel laundier 3910 is coupled to the support member 3905 and 
the tubular member 392i5. The mandrd launcher 3910 preferably comprise a 
tubular member having a variable cross-section and a reduced wall thickness in 
order to facilitate the radial expansion process. In a preferred embodiment, the 
30 cross-sectional area of the mandrel launcher 3910 at one end is adapted to mate 
with the mandrel 3915, and at the other end, the cross-aectional area of the 
mandrel launcher 3910 is adapted to match the cross-sectional area of the 
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tubular member 3925. In a preferred embodiment, the wall thirimooa of the 
mandrel launcher 3910 ranges from about 50 to 100 % of the wall thickness of 
the tubular member 3925 in ord^ to facilitate the initiation of the radial 
expansion process. 

5 The mandrel launcher 3910 may be fabricated from any number of 

conventional commercially available materials such as, for example, oilfield 
country tubular goods, low allow steel, stainless steel, ot carbon steel. In a 
preferred embodiment^ the mandrel launcher 3910 is fabricated from oilfield 
country tubular goods having higher strength but lower wall thjfin^Pfl?! than the 

10 tubular member 3925 in order to optimally match the burst strength of the 
tubular member 3925. In a preferred embodiment, the mandrel laimcher 3910 
is removably coupled to the tubular member 3925. In this manner, the mandrel 
launcher 3910 may be removed from the weUbore 3960 upon the completion of 
an extrusion operation. 

15 The mandrel 3915 is coupled to the mandrel launcher 3910. The 

mandrel 3915 preferably comprise an annular member having a conic section 
fabricated frt>m any number of conventional commercially available materials 
such as, for example, tool steel, carbon steel, ceramics, or composite materials. 
In a preferred embodiment, the anf^e of attack of the conic section of the 

20 mandrd 3915 ranges from about 10 to 30 degrees in order to optimally expand 
the mandrel launcher 3910 and the tubular member 3925 in the radial 
direction. In a preferred embodiment, the surfiaoe hardness of the conic section 
of the mandrel 3915 ranges frt>m about 58 to 62 Rodcwdl C in ordar to 
optimal^ provide high strength and resist wear and galling. In an alternative 

25 embodiment, the mandrel 3915 is expandable in order to further optimally 
augment the radial expansion process. 

The fluid passage 3920 is positioned within the mandrel 3915. The fluid 
passage 3920 is preferably adapted to convey fluidic materials such as cement, 
water, epoxy, lubricants, and slag mix at operating pressures and flow rates 

30 ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute in order to 
optimaUy provide operational efficiency. The fluid passage 3920 preferably 
includes an inlet 3965 adapted to receive a plug, or other similar device. In this 
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manner, the interior chamber 3970 above the mandrel 3915 may be fluididy 
isolated from the interior chconber 3975 below the mandrel 3915. 

The tubular member 3925 is coupled to the mandrel launcher 3910, the 
slips 3930 and the seals 3935. The tubular member 3925 preferably comprises a 
5 tubular member fabricated from any number of conventional commercially 
available materials such as, for example, low alloy steel, carbon steel, stainless 
steel, or oilfield country tubular goods. In a preferred embodiment, the tubular 
member 3925 is fabricated from oilfield country tubular goods. 

The slips 3930 are coupled to the outside siuiace of the tubular memb» 

10 3925. The slips 3930 preferably are adapted to couple to the interior walls of a 
casing, pipeline or other structure upon the radial expansion of the tubular 
member 3925. In this manner, the slips 3930 provide structural support for the 
expanded tubular member 3925. The shps 3930 may comprise any number of 
conventional comm^daUy available slips, modified in accordance with the 

15 teachings of the present disdosiu'e. 

The seala 3935 are coupled to the outside surface of the tubular member 
3925. The seals 3935 preferably provide a fluidic seal between the outside 
surface of the expanded tubular member 3925 and the interior walls of a casing, 
pipeline or other structure upon the radial expansion of the tubular member 

20 3925. In this manner, the seals 3935 provide a fluidic seal for the opanded 
tubular member 3925. The seals 3985 may comprise any number of 
conventional commerdaQy aenrailable seals such as, for example, lead, rubber or 
epoxy. In a prefmed embodiment, the seala 3935 comprise Stratalok^ 
material avaflable firom Halliburton Energy Services in order to optimal^ 

25 provide structural support for the typical tensile and compressive loads. 

The shoe 3940 is coupled to the tubular member 3925. The shoe 3940 
preferably comprises a substantially tubular member having a fluid passsge 
3945 for conveying fluidic materials firom the chamber 3975 to the annular 
region 3970 outside of the apparatus 3900. The shoe 3940 may comprise any 

30 number of conventional commercially available shoes modified in accordance 
with the teachings . of the present disclosure. 



•241- 

SUBSTITUTE SHEET (RULE 26) 



wo 0007431 



PCT/ILOO/00245 



During operation of the apparatus 3900, the apparatus 3900 is preferably 
lowered into a weUbore.3960. haying a preexisting section of wellbore casing 
3975. In a preferred embodiment^ the apparatus 3900 is positioned with at 
least a portion of the tubular member 3925 overl^iping with a portion of the 
5 wellbore casing 3975. In this manner, the radial expansion of the tubular 
member 3925 will preferably cause the outside surface of the expanded tubular 
member 3925 to couple with the inside surface of the wdlbore casing 3975. In a 
preferred nobodiment^ the radial expansion of the tubular member 3925 will 
also cause the slips 3930 and seals 3935 to engage with the interior surfSEu:e of 

10 Uie wellbore casing 3975. In this manner, the expanded tubular member 3925 
is provided with enhanced structural support by the slips 3930 and an enhanced 
fluid seal by the seals S935. 

As illustrated in FIG. 24B, after placement of the apparatus 3900 in an 
overleaping relationship with the wellbore casing 3975, a fluidic material 3980 

15 is preferably piunped into the chamber 3970. The fluidic material 3980 then 
passes through the fluid passage 3920 into the chamber 3975. The fluidic 
material 3980 then passes out of the chamber 3975, through the fluid passage 
3945, and into the annular r^on 3970. In a preferred embodiment, the fluidic 
material 3980 is pumped into the chamber 3970 at operating pressures and flow 

20 rates ranging from about 0 to 9,000 pst and 0 to 3,000 gallons/minute in order 
to optimally provide opwational effidenqy. In a preferred embodiment, the 
fluidic material 3980 comprises a hardttiable fluidic sealing material in order to 
form a hardened outer annular member around the expanded tubular member 
3925. 

25 As illuatrated in FIG. 24C, at some later point in the process, a baU 3985, 

plug or other similar device, is introduced into the pumped fluidic material 
3980. In a preferred embodim^t, the ball 3986 mates with and seals off the 
inlet 3965 of the fluid passage 3920. In this manner, the chamber 3970 is 
fluidicly isolated from the chamber 3975. 

30 As illuatrated in FIG. 24D, after placement of the ball 3985 in the inlet 

3965 of the fluid passsge 3920, a fluidic material 3990 is pumped into the 
chamber 3970. The fluidic material is preferably pumped into the chamber 
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3970 at operating pressures and flow rates ranging from about 0 to 9,000 psi 
and 0 to 3,000 gadloxto/mmute in order to provide optimal operating efBdency. 
The fluidic material 3990 may comprise any number of conventional 
commerdaUy available materials such as, for example, water, drilling mud, 
5 cement, epoxy, or slag mix. In a preferred embodiment, the fluidic material 
3990 comprises a non-hardenable fluidic material in order to maximize 
operational efSdracy. 

Continued pumping of the fluidic material 3990 increases fluidic material 
3980 increases the operating pressure within the chamber 3970. The increased 
10 operating pressure in the chamber 3970 then causes the mandrel 3915 to 

extrude the mandrel launcher 3910 and tubular member 3925 off of the conical 
face of the mandrel 3915. The extrusion of the mandrel launcher 3910 and 
tubular member 3925 off of the conical face of the mandrel 3915 causes the 
mandrel launcher 3910 and tubular member 3925 to expand in the radial 
15 direction. Continuedpumpingof the fluidic material 3990 pref^^ly causes the 
entire length of the tubular member 3925 to expand in the radial direction. 

In a preferred embodiment, the punq>ing rate and pressure of the fluidic 
material 3990 is reduced during the latter stages of the extrusion process in 
order to minimize shock to the apparatus 3900. In a preferred embodiment, the 
20 apparatus 3900 indudes shock absorbers for absorbinjET the shock caused by the 
conqdetion of the extrusion process. In a preferred embodiment, the extrusion 
process causes the mandrel 39 15 to move in an axial direction 3995. 

As illustrated in FIG. 24E, in a p i efe ried embodiment, upon the 
completion of the extruaion process, the support member 3905, packer 3910, 
25 first fluid conduit 3916, annular seal 3930, second fluid conduit 3935, mandrel 
3945, and mandrel launcher 3950 are removed from the wellbore 3980. In a 
preferred embcKliment, the resulting new section of wellbore casing indudes the 
preexisting wellbore casing 3975, the expanded tubular member 3925, the slips 
3930, the seals 3935, the shoe 3940, and an outer annular layer 4000 of 
SO hardened fluidic materiaL 
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In an alternative embodiment, the apparatus 3900 is used to repair a 
preexisting weUbore casing or pipeline. In this alternative embodiment, both 
ends of the tubular member 3955 preferably include slips 3960 and seals 3965. 

In an alternative embodiment, the apparatus 3900 is used to form a 
5 tubular structural support for a building or ofliahore structure. 

Referring to FIGS. 25 and 26. the optimal relationship between the angle 
of attack of an expansion mandrel and the minimaUy required propagation 
pressure during the expansion of a tubular member will now be described As 
illustrated in FIG. 25, during the radial expansion of a tubular member 4100 by 
10 an expansion mandrel 4105, the expansion mandrel 4105 is displaced in the 
axial direction. The angle of attack a of the conical surface 4110 of the 
expansion mandrel 4105 directiy affects the required propagation pressure Pp^ 
necessary to radially expand the tubular member 4100. Referring to FIG. 26, 
for typical grades of materials and typical geometries, the propagation pressure 
15 Ppn is minimized for an angle of attack of ^proximatdy 25 d^rees. 

Furthermore, the optimal range of the angle of attack a ranges from about 10 to 
30 degrees in order to minimize the range of required wnmimnnn propagation 
pressure Ppa. 

Referring to FIG. 27, an embodiment of an expandable threaded 
20 connection 4300 will now be described. The expandable threaded connection 
4300 preferably includes a first tubular memba 4305, a second tubular member 
4310, a threaded connection 4315, an O-ring groove 4320, and an O-ring 4325. 

The first tubular member 4305 includes an inside waU 4330 and an 
outside watt 4335. The first tubular membo* 4305 prrferably comprises an 
25 annular member having a substantially constant wall thickness. The second 
tubular member 4310 includes an inside waU 4340 and an outside wall 4345. 
The second tubular member 4310 preferably comprises an annular member 
having a substantially constant wall thic^ess. 

The first and second tubular members, 4305 and 4310, may comprise any 
30 number of conventional commerdaUy available members. In a preferred 
embodiment, the inside and outside diameters of the first and second tubular 
members, 4305 and 4310, are substantially equal. In this manner, the burst 
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Strength of the tubular members, 4305 and 4310, are substantiaUy equal This 
minimizes the possibility of catastrophic failure during the radial expansion 
process. 

The threaded connection 4315 may comprise any number of 
5 conventional threaded connections suitable for use with tubular members. In a 
preferred embodiment, the threaded connection 4315 comprises a pin-and-box 
threaded connection. In this manner, the assembly of the first tubular member 
4305 to the second tubular member 4310 is optimized. 

The 0-ring groove 4320 is preferably provided in the threaded portion of 
10 theinteriorwall4340of the second tubular member 4310. The 0*ring groove 
4320 is preferably adapted to receive and support one or more O-rings. The 
volumetric size of the 0-ring groove 4320 is preferably selected to permit the O- 
ring 4325 to expand at least approximately 20% in the axial direction during the 
radial expansion process. In this manner, deformation of the outer surface 
15 4345 of the second tubular member 4310 during and upon the completion of the 
radial expansion process is minimized. 

The O-ring 4325 is supported by the O-ring groove 4320. The O-ring 
4325 optimally ensures that a fluid-tie^t seal is maintained between the first 
tubular member 4305 and the second tubular member 4310 throughout and 
20 upon the completion of the radial expansion process. 

Referring to FIG. 28, an alternative embodiment of an expandable 
threaded connectioa 4600 win now be described. The expandable threaded 
connection 4500 inchtdes a fint tubular member 4505, asecond tubular 
member 4510, a threaded connection 4515, an O-ring groove 4520, and an 0- 
25 ring4525. 

The first tubular member 4505 includes an inside wall 4530 and an 
outside wall 4535. The first tubular member 4305 preferably comprises an 
annular member having a substantially constant wall thickness. The second 
tubular member 4510 includes an inside wall 4540 and an outside wall 4545. 
30 The second tubular member 4510 preferably comprises an gnmilnr member 
having a substantially constant wall thickness. 



-245. 

SUBSTITUTE SHEET (RULE 26) 



wo 00/77431 



PCT/ILOO/00245 



The Grst and second tubular members, 4505 and 4510, may comprise any 
number of conventiontd commercial]^ available members. In a preferred 
embodiment^ the inside and outside diameters of the first and second tubular 
members, 4505 and 4510, are substantially equal. In this manner, the burst 
5 strengthof the tubular members, 4505 and 4510, are substantially equal. This 
minimizes the possibility of a catastrophic failmre during the radial expansion 
process. 

The threaded connection 4515 may comprise any number of 
conventional threaded connections suitable for use with tubular mexnbers. In a 
10 preferred embodiment, the threaded connection 4515 comprises a pin-and-box 
threaded connection. In this manner, the assembly of the first tubular member 
4505 to the second tubular member 4510 is optimized. 

The O-ring groove 4520 is preferably provided in the threaded portion of 
the interior waU 4540 of the second tubular member 4510 immediately ai^jacent 
15 to an end portion of the threaded connection 4515. In this manner, the sealing 
effect provided by the O-ring 4525 is optimized The O-ring groove 4520 is 
preferably adapted to receive and support one or more O-rings. The volumetric 
size of the 0-ring groove 4520 is preferabfy selected to pennit the O-ring 4525 
to expand at least approximately 20% in the axial direction dining the radial 
20 expaxision process. In this manner, deformation of the outer surface 4545 of the 
second tubular member 4510 during and upon the conqiletion of the radial 
expansion process is minimized. 

The 0-ring4525 is supported by the O-ring groove 4520. The O-ring 
4525 optimally ensures that a flidd-ti|^t seal is maintained between the first 
25 tubular member 4505 and the second tubular member 4510 throu^out and 
upon the completion of the radial expansion process. 

Referring to FIG. 29, an alternative embodiment of an expandable 
threaded connection 4700 will now be described. The expandable threaded 
connection 4700 includes a first tubular member 4705, a second tubular 
30 member 4710, a threaded connection 4715, an O-ring groove 4720, a first O- 
ring 4725, and a second O-ring 4730. 
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The first tubular member 4705 includes an inside wall 4735 and an 
outside wall 4740. The first tubjilai member 4705 preferably comprises an 
annular member having a substantially constant wall ttiickness. The second 
tubular member 4710 indudes an inside wall 4745 and an outside wall 4750. 
5 The second tubular member 4710 preferab^ comprises an aimular member 
having a suhstanttally constant wall thickness. 

The Grst and second tubular members, 4705 and 4710, may comprise any 
number of conventional commerdally available members. In a preferred 
embodiment, the inside and outside diameters of the first and second tubular 
10 members, 4705 and 4710, are substantially equal. In this manner, the burst 
strength of the tubular members, 4705 and 4710, are substantially equal. This 
minimizes the possibility of a catastrophic failure during the radial expansion 
process. 

The threaded connection 4715 may conqirise any niunber of 

15 conventional threaded connections suitable for use with tubular members. In a 
preferred embodiment, the threaded connection 4715 comprises a pin-and-box 
threaded connection. In this manner, the assembly of the first tubular member 
4705 to the second tubular member 4710 is optimized. 

The O-ring groove 4720 is preferably provided in the threaded portion of 

20 the interior wall 4745 of the second tubular member 4710 immediately adjacent 
to an end portion of the threaded connection 4715. In this manner, the sealing 
effect provided by the O-rings, 4725 and 4730, is optimized The O-ring groove 
4720 is preferab^ ad^[ited to receive and support a idurality of O-ringa. The 
volumetric size of the 0*ring groove 4720 is preferably selected to pennit the O- 

25 ring^ 4725 and 4730, to eaqpand at least i4iprozimately2M 

direction during the radial expansion process. In this manner, deformation of 
the outa surface 4750 of the second tubular member 4710 during and upon the 
con^)letjon of the radial expansion process is minimized. 

The 0-rings, 4725 and 4730, are supported by the 0*ring groove 4720. 

30 The pair of 0-rings, 4725 and 4730, optimally ensure that a fltiid-ti^t seal is . 
maintained between the first tubular member 4705 and the second tttbular 
member 4710 throughout and upon the completion of the radial expansion 
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process. In particular, the use of a pair of adjacent O-rings provides redundancy 
in the seal between tlpie. Grst tubular member 4705 and the second tubular 
member 4710. 

Referring to FIG. 30, an alternative embodiment of an expandable 
5 threaded connection 4900 wiU now be described. The ocpandable threaded 
connection 4900 includes a first tubular member 4906, a second tubular 
membw 4910, a threaded connection 4915, a first 0-ring groove 4920, a second 
0-ring grove 4925, a first O-ring 4930, and a second 0-ring 4935. 

The first tubular member 4905 includes an inside wall 4940 and an 

10 outside wall 4945. The first tubular member 4905 preferably comprises an 
ftunulfir member having a substantially constant wall thickness. The second 
tubular member 4910 includes an inside wall 4950 and an outside wall 4955. 
The second tubular member 4910 preferably comprises an annular member 
having a substantially constant wall thickness. 

15 The first and second tubular members, 4905 and 4910, may comprise any 

number of conventional commercially available tubular members. In a 
preferred embodiment, the inside and outside diameters of the first and second 
tubular members, 4905 and 4910, are substantial^ equals In this manner, the 
burst strength of the ttibular members, 4905 and 4910, are substantially equal. 

20 This minimizes the possibility of a catastrophic failure during the radial 
expansion process. 

The threaded connection 4915 may comprise any number of 
conventional threaded connections suitable for use with tubular members. In a 
preferred embodiment^ the threaded connection 4915 comprises a pin-and-box 

25 threaded connection. In this manner, the assembly of the first tubular member 
4905 to the second tubular member 4910 is optimized. 

The first O-ring groove 4920 is preferably provided in the threaded 
portion of the interior wall 4950 of the second tubular member 4910 that is 
separated from an end portion of the threaded connection 4915. In this 

30 manner, the sealing effect provided by the O-ringa, 4930 and 4935, is 

optimized. The first O-ring groove 4920 is preferably adapted to receive and 
support one more O-rings. The volumetric size of the first O-ring groove 4920 

-248- 

SUBSTITUTE SHEET (RULE 26) 



WO00r77431 



PCT/ILOO/00245 



is preferably selected to permit the 0-ring 4930 to expand at least 
svprozixDat^ 20% m the axial direction during the radial expansion process. In 
this manner, deformation of the outer surface 4955 of the second tubular 
member 4910 during and upon the completion of the radial expansion process is 
5 minimized. 

The second 0-ring groove 4925 is preferably provided in the threaded 
portion of the interior wall 4950 of the second tubular member 4910 that ia 
immediate^ a4jacent to an end portion of the threaded connection 4915. In 
Uus manner, the sealing effect provided by the O-rings, 4930 and 4935, is 

10 optimized. The second 0*ring groove 4925 is preferably adapted to receive and 
support one more O-rings. The volumetric size of the second O-ring groove 
4925 is preferably selected to permit the 0*ring 4935 to expand at least 
appro ximatriy 20% in the axial direction during the radial expansion process. In 
this manner, deformation of the outer surface 4955 of the second tubular 

15 member 4910 during and upon the completion of the radial expansion process is 
minimized. 

The O-ringB, 4930 and 4935, are supported by the O-ring grooves, 4920 
and 4925. The use of a pair of O-rings, 4930 and 4935, that are axiaUy 
separated optimality ensures that a fluid-tight seal ia maintained between the 

20 first tubular memba 4905 and the second tubular meinber 4910 throughout 
and upon the completion of the radial expansion process* In particular, the use 
of a pair of O-ringa provides redundancy in the seal between the first tubular 
member 4905 and the second tubular member 4910. 

In a iveferred «nbodiment» the eq»ndable threaded connections 4300, 

25 4500, 4700, and/or 4900 are uaed m combination with one or more of the 

embodiments iUuatrated in FIGS. 1-24E in order to optimally expand a plurality 
of tubular members coupled end to end using the expandable threaded 
connections 4300, 4500, 4700 and/or 4900. 

A method of creating a casing in a borehole located in a subterranean 

30 formation has been described that includes installing a tubular liner and a 
mandrel in the borehole. A body of fluidic material is then injected into the 
borehole. The tubular liner is then radially expanded by extruding the liner off 
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of the mandrel. The injecting preferably includes injecting a hardenable fluidic 
sealing material into an annulmr region located between the borehole and the 
exterior of the tubular liner; and a non hardenable fluidic material into an 
interior r^on of the tubular liner below the mandrel* The method preferably 
5 includes fluidicly isolating the annular region firom the interior region before 
injecting the second quantity of the non hardenable sealing material into the 
interior region. The im'ecting the hardenable fluidic sealing material is 
preferably provided at operating pressures and flow rates ranging firom about 0 
to 5000 psi and 0 to 1,500 gallona/min. The injecting of the non hardenable 
10 fluidic material is preferably provided at operating pressures and flow rates 
ranging from about 500 to 9000 psi and 40 to 3,000 gallonsAnin. The injecting 
of the non hardenable fluidic material is preferably provided at reduced 
opo-ating pressures and flow rates during an end portion of the extruding. The 
non hardenable fluidic material is preferably injected below the mandrel. The 
15 method preferably includes pressurizing a region of the tubular liner below the 
mandrel. The region of the tubular liner below the mandrel is preferabfy 
pressurized to pressures ranging from about 500 to 9,000 psi. The method 
preferably includes fluididy isolating an interior region of the tubular liner 
from an exterior region of the tubular liner. The method fiirther preferably 
20 includes curing the hardenable sealing material, and removing at least a portion 
of the cured sealing material located within the tubular liner. The method 
further prrferably includes overlapping the tabular liner with an existing 
wellbore casing. The method Airther preferably includes sealing the overlap 
between the tubular liner and the existing wellbore casing. The method fiuHier 
25 preferabfy includes supporting the extruded tubular liner uaing the overl^> 
with the existing wellbore casing. The method further preferably includes 
testing the integrity of the seal in the overlap between the tubular liner and the 
existing wellbore casing. The method further preferably includes removing at 
least a portion of the hardenable fluidic sealing material within the tubular 
30 liner before curing. The method further preferably includes lubricating the 
surface of the mandrd. The method further preferably includes absorbing 
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shock. The method further preferably indudes catching the nian^^ 
completion of the extruding.. 

An apparatus for creating a casing in a borehole located in a 
subterranean formation has been described that includes a support member, a 
5 mandrel, a tubular member, and a shoe. The support member includes a first 
fluid passage. The mandrel is coupled to the support member and includes a 
second fltud passage. The tubular member is coupled tor the mandrel. The shoe 
is coupled to the tubular liner and includes a third fluid passage. The first, 
second and third fluid passages are operably coupled. The support member 

10 preferably further includes a pressure relief passage, and a flow control valve 
coupled to the first fluid passage and the pressure relief passage. The support 
member further preferably includes a shock absorber. The support member 
preferably includes one or more sealing members adapted to prevent foreign 
material from entering an interior region of the tubular member. The mandrel 

15 is preferably expandable. The tubular member is preferably fabricated from 
materials selected fi-om the group consisting of Oilfield Countiy Tubular Goods, 
13 chromium steel tubing/casing, and plastic casing. The tubular monber 
preferably has innar and outer diameters ranging firom about 3 to 15.5 inches 
and 3.5 to 16 inches, respectivdy. The tubular member preferably has a plastic 

20 yield point rangiog from about 40,000 to 135,000 pei. The tubular member 
preferably includes one or more sealing members at an end portion. The 
tubular member preferably includes one or more pressure relief holes at an end 
portion. The tubular nimiberprderably includes a catchy 
portion for slowing down the mandrel The shoe prrferably indudee an inlet 

25 port coupled to the thhrd fluid passage, the inlet port adapted to receive a plug 
for blocking the inlet port. The shoe preferably is drillable. 

A method of joining a second tubular member to a first tubular member, 
the first tubular member having an inner diameter greater than an out^ 
diameter of the second tubular member, has been described that includes 

30 positioning a mandrd within an interior region of the second tubular member, 
positioning the first and second tubular members in an overlapping 
relationship, pressurizing a portion of the interior region of the second tubular 
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member; and extruding the second tubular member off of the mandrel into 
engagement with the first tubular member. The pressurizing of the portion of 
the interior region of the second tubular member is preferably provided at 
operating pressures ranging from about 500 to 9,000 psi. The pressurizing of 
5 the portion of the interior region of the second tubular member is preferably 
provided at reduced operating pressures during a latter portion of the 
extruding. The method further preferably includes sealing the overlap between 
the first and second tubular members. The method further preferably includes 
supporting the extruded first tubular member using the overlap with the second 
10 tubular member. The method further preferably includes lubricating the 
surface of the mandrel. The method further preferably includes absorbing 
shock. 

Aliner for use in creating a new section of wellborecasingina 
subterranean formation adjacent to an already g"« fa"g section of wellbbre 
15 casing has been described that includes an annular member. The annular 
member indudea one or more sealing members at an aid portion of the aTintilnr 
member, and one or more pressure relief passages at an end portion of the 
annular member. 

A wellbore casing has been described that indudea a tubular liner and an 
20 annular bo^y of a cured fluidic sealing material. The.teibular liner is formed by 
theprocesaofcxtruding the tubular liner off of a mandrd. The tubular liner is 
preferably formed by the in-ocesa of placing the tubular liner and mandrd 
within the wdUbore^ and pressurizing an interior portion of the tubular liner. 
The annular bo<|y of the cured fluidic sealing nmterial is preferably f^ 
25 the proceaaofiiyecting a bo<fyofhardenablefluidic sealing material into an 
annular r^on external of the tubular liner. During the pressiuizing, the 
interior portion of the tubular liner is preferably fluidicty isolated from an 
exterior portion of the tubtdar liner. The interior portion of the tubular liner is 
preferably pressurized to pressures ranging from about 500 to 9,000 psi. The 
30 tubular liner prefio^ly overlaps with an existing wellbore casing. The wellbore 
casing preferably further indudes a seal positioned in the overlap between the 
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tubular liner and the existing wellbore casing. Tubular liner is preferably 
supported the overiiq) with the. existing wellbore casing. 

A method of repairing an existing section of a wellbore casing within a 
borehole has been described that includes installing a tubidar liner and a 
5 mandrel within the wellbore casing; injecting a body of a fluidic material into 
the borehole, pressurizing a portion of an interior region of the tubular liner, 
and radially expanding the liner in the borehole by extruding the liner off of the 
mandrel. In a preferred embodiment, the fluidic material is selected from the 
group consisting of slag mix, cement^ drilling mud, and epoxy . In a preferred 

10 embodiment, the method fiirther includes fluididy isolating an interior region 
of the tubular liner from an exterior region of the tubular liner. In a preferred 
embodiment, the ii^ecting of the body of fluidic material is provided at 
operating pressures and flow rates ranging from about 500 to 9,000 psi and 40 
to 3,000 gallons/min. In a preferred embodiment, the im'ecting of the body of 

15 fluidic matfflial is provided at reduced operating pressures and flow rates 
during an end portion of the extruding. In a preferred embodiment, the fluidic 
material is injected below the mandrel. In a preferred embodiment, a region of 
the tubular liner below the mandrel is pressurized* In a preferred embodiment, 
the region of the tubular liner below the mandrel is pressurized to pressures 

20 ranging from about 500 to 9,000 psi. In a preferred embodiment, the method 
further includes overlapping the tubular liner with the <ari«tlng wellbore casing. 
In a prrferred embodiment, the method further includes sealing the interface 
between the tubular liner and the existing wellbore casing. Inaprrferxed 
embodiment, the method further includes supporting the extruded tubular liner 

25 using the eodstingwdlbore casing. In a preferred embodiment, the method 
furthCT indudes testing the integrity of the seal in the interface between the 
tubular liner and the existing wellbore casing. In a preferred embodiment, 
method further indudes lubricating the surface of the mandreL In a preferred 
embodiment, the method further indudes absorbing shock. In a preferred 

30 emJbodiment, the method further indudes catching the mandrel upon the 
completion of the extruding. In a preferred embodiment, the method further 
includes expanding the mandrel in a radial direction. 
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A tie-back liner for lining an existing wellbore casing has been described 
that includes a tubular, liner, and an annuhu* body of a cured fluidic sealing 
material. The tubular liner is formed by the process of extruding the tubular 
liner off of a mandrel. The annular boc|y of a cured fluidic sealing material is 
5 coupled to the tubular liner. In a preferred embodiment, the tubular liner is 
formed by the process of placing the tubular liner and mandrel within the 
wellbore, and pressurizing an interior portion of the tubular liner. In a 
preferred embodiment, during the pressurizing, the interior portion of the 
tubular liner is fluididy isolated from an exterior portion of the tubular liner. 

10 In a preferred embodiment, the interior portion of the tubular liner is 

pressurized at pressures ranging from about 500 to 9,000 psi. In a preferred 
embodiment, the annular body of a cured fluidic sealing material is formed fay 
the process of iqjecting a body of hardenable fluidic sealing material into an 
annular region between the existing wellbore casing and the tubular liner. In a 

15 preferred embodiment, the tubular liner overlaps with another 

wellbore casing. In a preferred embodiment, the tie-back liner further indudes 
a seal positioned in the overlap between the tubular liner and the other existing 
wellbore casing. In a preferred embodiment, tubular liner is supported by the 
ov^ap with the other existing wellbore casing. 

20 An apparatus for expanding a tubular member has been described that 

indudes a support member, a mandrd, a tubular member, and a shoe. The 
support member inchtdee a first fluid passage. The mandrd is coupled to the 
support member. The mandrel indudes a second fluid passage operably coupled 
to the first fluid passage, an interior portion, and an exterior portion. The 

25 interior portion of the mandrel is drillable. The tubular member is coupled to 
the mandrd. The shoe is coupled to the tubular member. The shoe indudes a 
third fluid passage operably coupled to the second fluid passage, an interior 
portion, and an exterior portion. The interior portion of the shoe is drillable. 
Preferably, the interior portion of the mandrel indudes a tubular member and a 

30 load bearing member. Preferably, the load bearing member oon4)rises a 
drillable bo^y. Preferably, the interior portion of the shoe indudes a tubular 
member, and a load bearing member. Preferably, the load bearing member 
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compriaea a driUable body. Preferably, the exterior portion of the mandrel 

compiiseB an expansion cone. Preferably, the expansion cone is fabricated from 

materials selected from the group consisting of tool steel, titanium, and 

ceramic. Preferably, the expansion cone has a surface hardness ranging from 

6 about58to62RockweUC. Preferably at least a portion of the apparatus is 
drillable. 

A wellhead has also been described that includes an outer casing and a 
plurality of substantially concentric and overlapping inner casings coupled to 
the outer casing. Each inner casing is supported by contact pressure between 

10 an outer surface of the inner casing and an inner surface of the outer casing. In 
a preferred embodiment, the outer casing has a yield strength ranging from 
about 40.000 to 135,000 pai. In a preferred embodiment, the outer casing has a 
burst strength ranging frt)m about 5,000 to 20,000 psi. In a preferred 
embodiment, the contact pressure between the inner casings and the outer 

15 casing ranges from about 500 to 10,000 psL In a preferred embodiment, one or 
more of the inner casings include one or more sealing members that contact 
with an inner surface of the outer casing. In a preferred embodiment, the 
sealing members are selected from the group consisting of lead, rubber. Teflon, 
epoxy, and plastic. In a preferred embodiment, a Christmas tree ia coiqiled to 
20 the outer casing. In a preferred embodiment, a drilling spool is coupled to the 
outercasing. In a preferred embodiment, at least one of the inner casing is a 
production casing. . 

A wellhead has alao been described that indudea an outer casing at least 
partially positioned within a weilbore and a plurality of aubstantiaUy concentric 

25 inner casings coupled to the interior 8urfiM»ofthe outer casing by the process 
of expanding one or more of the inner casing into contact with at least a 
portion of the interior surface of the outer casing. In a preferred embodiment, 
the inner casings are expanded by extruding the inner casings ofif of a mandrel. 
In a preferred embodiment, the inner casings are expanded by the process of 

30 placing the inner casing and a mandrel within the wellbore; and pressurizing an 
interior portion of the inno* casing. In a prefored embodiment, during the 
pressurizing, the interior portion of the inner casing is fluidicty isolated from an 
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eztoior portion of the inner casing. In a preferred embodiment, the interior 
portion of the inner casing is pressurized at pressures ranging from about 500 
to 9,000 psi. In a preferred embodiment^ one or more seals are positioned in the 
interface between the inner casings and the outer casing. In a preferred 
5 embodiment, the inner casings are supported by their contact with the outer 
casing. 

A method of forming a wellhead has also been described that includes 
drilling a wellbore. An outer casing is positioned at least partially within an 
upper portion of the wellbore. A first tubular member is positioned within the 
10 outer casing. At least a portion of the first tubular memb^ is expanded into 
contact with an interior surface of the outer casing. A second tubular member 
is positioned within the outer casing and the first tubular member. At least a 
portion of the second tubular member is expanded into contact with an interior 
portion of the outer casing. In a preferred embodiment^ at least a portion of the 

15 interior of the first tubular member is pressurized. In a preferred 

embodiment^ at least a portion of the intmor of the second tubular member is 
pressurized. In a preferred embodiment, at least a portion of the interiors of 
the first and second tubular mraibers are pressurized. In a preferred 
embodiment, the pressurizing of the portion of the interior region of the first 

20 tubular member is provided at operating pressures ranging from about 500 to 
9,000 psL In a preferred embodiment, the pressurizing of the portion of the 
interior region of the second tubular member is provided at operating pressures 
ranging firom about 500 to 9,000 paL In a preferred embodiment, the 
pressurizing of the portion of the interior region of the first and second tubular 

25 members is provided at operating pressures ranging from about 500 to 9,000 
psi. In a preferred embodiment, the pressurizing of the portion of the interior 
region of the first tubular member is provided at reduced operating pressures 
during a latter portion of the expansion. In a preferred embodiment, the 
pressurizing of the portion of the interior region of the second tubidar member 

30 is provided at reduced operating pressures during a latter portion of the 
expansion. In a preferred embodiment, the pressurizing of the portion of the 
interior region of the first and second tubular members is provided at reduced 

-256- 

SUBSTITUTE SHEET (RULE 26) 



wo 00/77431 



PCT/ILOO/00245 



operating pressures during a latter portion of the expanaions. In a preferred 
embodiment, the contact between the first tabular member and the outer 
casing is sealed. In a preferred embodiment, the contact between the second 
tubular member and the outer casing is sealed. In a preferred embodiment, the 
5 contact between the first and second tubular members and the outer casing is 
sealed. In a preferred embodiment, the expanded first tubuhtt member is 
supported using the contact with the outer casing. In a preferred embodiment, 
the expanded second tubular member is supported using the contact with the 
outer casing. In a preferred embodiment, the expanded first and second tubular 
10 members are supported using their contacts with the outer casing. In a 

preferred embodiment, the first and second tubular members are extruded off 
of a mandrel. In a preferred embodiment, the surface of the mandrel is 
lubricated. In a preferred embodiment, shock is absorbed. In a preferred 
embodiment, the mandrel is expanded in a radial direction. In a preferred 
15 embodiment, the first and second tubular members are positioned in an 

overlapping relationship. In a preferred embodiment, an interior region of the 
first tubular member is fiuidicfy isohited firom an exterior region of the first 
tubular member. In a preferred embodunent, an interior region of the second 
tubuhu- member is fluidicly isolated from an exterior region of the second 
20 tubular member. In a preferred embodiment, the interior region of the first 
tubular member is fluidicly iaoUted from the region exterior to the firat tubular 
member by injeetiag one or more plugs mto the interior of the first tubular 
member. In a preCarted embodiment, the interior region of the second tubular 
member is fluidic|y isolated from the region exterior to the second tubular 
25 member by injecting one or more phigs into the interior of the second tubular 
member. In a preferred embodiment, the pressurizing of the portion of the 
interior region of the first tubular member is provided by injecting a fiuidic 
material at operating pressures and flow rates ranging from about 500 to 9,000 
psi and 40 to 3,000 gallons/minute. In a preferred embodiment, the 
30 pressurizing of the portion of the interior region of the second tubular member 
is provided by lAjecting a fiuidic material at operating pressures and flow rates 
ranging from about 500 to 9,000 pd and 40 to 3,000 gaUons/minute. In a 
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preferred embodiment, fluidic material is injected beyond the mandrel. In a 
preferred embodiment,, a region of the tubular members b^ond the mandrel is 
pressurized. In a preferred embodiment, the region of the tubular members 
beyond the mandrel is pressurized to pressures ranging firom about 500 to 9,000 
5 psi. In a preferred embodiment, the first tubular memb^ comprises a 

production casing. In a preferred embodiment, the contact between the first 
tubular membw and the outer casing is sealed. In a preferred embodiment, the 
contact between the second tubular member and the outer casing is sealed. In a 
preferred embodiment, the expanded first tubular member is supported using 

10 the outer casing. In a preferred embodiment, the expanded second tubular 
memb^ is supported using the outer casing. In a preferred embodiment, the 
integrity of the seal in the contact between the first tubular member and the 
outar casing is tested. In a preferred anbodiment, the integrity of the seal in 
the contact between the second tubular member and the outer casing is tested. 

15 In a preferred embodiment, the mandrel is caught upon the completion of the 
extruding. In a preferred embodiment, the mandrel is drilled out. In a 
preferred embodiment, the mandrd is supported with coiled tubing. In a 
preferred embodiment, the mandrel is coupled to a drillable shoe. 

An apparatus has also been described that includes an outer tubular 

20 member, and a plurality of substantialty concentric and overlapping inner 
tubular members coupled to the outer tubular member. Bach inner tubular 
member is supported by contact pressure between an outer surface of the inner 
casing and an inner surface of the outer inner tubular member. In a preferred 
embodiment, the outer tubular mCTober has a yield strength ranging from about 

25 40,000 to 135,000 psi. In a preferred onbodiment, tihe outer tubular member 
has a binrst strength ranging firom about 5,000 to 20,000 psi. In a preferred 
embodiment, the contact pressure between the inner tubular members and the 
outer tubular member ranges Crom about 500 to 10,000 psi. In a preferred 
embodiment, one or more of the inner tubular membos include one or more 

30 sealing members that contact with an inner surface of the out^ tubular 
member. In a preferred embodimrat, the sealing members are selected from 
the group consisting of rubber, lead, plastic, and epoa^. 
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An apparatus has also been described that includes an outer tubular 
member, and a plurality of substanttaUy concentric inner tubular members 
coupled to the interior surface of the outer tubular member by the process of 
ex p a n din g one or more of the inner tubular members into contact with at least 
5 a portion of the interior surface of the outer tubular member. In a preferred 
embodiment, the inner tubular members are expanded by extruding the inner 
tubular members off of a mandrel. In a preferred embodiment, the inner 
tubular members are expanded by the process of: placing the inner tubular 
membm and a mandrel within the outer tubular member; and pressurizing an 
10 interior portion of the inner casing. In a preferred embodiment, during the 
pressxirizing, the interior portion of the inner tubular member is fluididy 
isolated from an exterior portion of the inner tubular mmber. In a preferred 
embodiment, the interior portion of the inner tubular member is pressurized at 
pressures ranging from about 500 to 9,000 psL In apreferred embodiment, the 
15 apparatus ftirther includes one or more seals positioned in the interface 
between the inner tubular members and the out» tubular member. In a 
preferred embodiment, the inner tubular members are supported by their 
contact with the outer tubular member* 

A wellbore casing has also been described that includes a first tubular 
20 member, and a second tubular member coupled to the first tubular member in 
an overlapping relationship. The inner diameter of the first tubular member is 
substantially equal -to the inner diameter of the second tubular m^nber. In a 
preferred embodiment^ the first tubular mesobo' includes a first thiw wall 
section, wheran the second tubular member includes a second thin wall section, 
25 and wherein the first thin wall section is coupled to the second thin wall 
section. In a preferred embodiment, first and second thin wall sections are 
deformed. In a preferred embodiment, the first tubular member includes a first 
compressible member ooufded to the first thin wall section, and wherein the 
second tubular member includes a second conqiressible member coupled to the 
30 second thin wall section. In a preferred embodiment, the first thin wall section 
and the first conq)res8ible member are coupled to the second thin wall section 
and the second compressible member. In a preferred onbodiment, the first 
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and second thin wall sections and the first and second compressible members 
are deformed . 

A wellbore casing has also been described that includes a tubular 
member including at least one thin wall section and a thick wall section, and 
5 a compressible annular member coupled to each thin wall section. In a 
preferred embodiment, the compressible annular member is fabricated Erom 
materials selected from the group consisting of rubber, plastic, metal and epcacy. 
In a prderred embodiment^ the wall thickness of the thin wall section ranges 
from about 50 to 100 % of the wall thickness of the thick wall section. In a 

10 preferred embodiment, the length of the thin wall section ranges from about 
120 to 2400 inches. In a preferred embodiment, the con^iressible annular 
member is positioned along the thin wall section. In a preferred embodiment, 
the compressible annular member is positioned along the thin and thid^ wall 
sections. In a prtferred embodiment, the tubular member is fabricated fit>m 

15 materials selected from the group consisting of oilfield oountxy tubular goods, 
stainless steel, low alloy steel, carbon steel, automotive grade steel, plastics, 
fiberglass, hi^ strength and'or deformable materiab. In a preferred 
embodiment, the wellbore casing includes a first thin wall at a first end of the 
casing, and a second thin wall at a second end of the casing. 

20 A method of creating a casing in a borehole located in a subterranean 

formation has also been described that includes supporting a tubular liner and a 
mandrel in the borehole using a support member, ii^ecting fluidic material into 
the borehole, pressurizing an interior region.of the mandrel, displacing a 
portion of the mandrel relative to the support member, and radially expanding 

25 the tubular liner. In a preferred embodiment, the injecting indudea iiyecting 
hardenable fluidic sealing material into an annular region located between the 
borehole and the exterior of the tubular liner, and iiyecting non hardenable 
fluidic material into an interior region of the mandrel. In a prefored 
embodimrat, the method further indudes fluidic^ isolating the annular region 

30 from the interior region before injecting the non hardimable fluidic material 
into the interior region of the mandrel. In a prderred embodiment, the 
injecting of the hardenable fluidic sealing material ia provided at operating 

- 260 - 

SUBSTITUTE SHEET {RULE 26) 



wo 00/77431 



PCT/ELOO/00245 



pressures and flow rates ranging from about 0 to 5,000 psi and 0 to 1,500 
gaUona/min. In a preferred embodiment, the iiyecting of the non hardenable 
fluidic material is provided at operating pressures and flow rates ranging from 
about 600 to 9,000 pai and 40 to 3,000 gaUona/biin. In a preferred embodiment. 
5 the iiyecting of the non hardenable fluidic material is provided at reduced 
operating pressures and flow rates during an end portion of the radial 
expansion. In a prefixed embodiment, the fluidic material is injected into one 
or more pressure chambers. In a preferred embodiment, the one or more 
pressure chambers are pressurized. In a preferred embodiment, the pressure 
10 chambers are pressurized to pressures ranging from about 500 to 9,000 psL In 
a preferred embodiment, the method further include fluididy isolating an 
interior region of the mandrel from an exterior region of the mandrel. In a 
preferred embodiment, the interior region of the mandrel is isolated from the 
region exterior to the mandrel by inserting one or more plugs into the iiuected 
15 fluidic material. In a preferred embodiment, the method ftuther includes 
curing at least a portion of the fluidic material, and removing at least a portion 
of the cured fluidic material located within the tubular liner. In a preferred 
embodiment, the method further includes overlapping the tubular liner with an 
existing weUbore casing. In a preferred embodiment, the method furth^ 
20 includes sealing the overlap between the tubular liner and the existing wellbore 
casing. In a preferred embodiment, the method Airther includes supporting the 
extruded tubular linw using the overlap with the existing well^^ Ina 
preferred embodiment^ the method further indaAiBg the integrity of the seal in 
the overlap between the tubular liner and the existing weUbore casing. Ina 
25 prefOTed emboclimmt, the method further includes removing at least a portion 
of the hardenable fluidic sealing material within the tubular liner before curing. 
In a preferred embodiment, the method further indudee lubricating the surface 
of the mandrel. In a preferred embodiment, the method further indudes 
absorbing shock. In a preferred embodiment, the method furtiier indudes 
30 catching the mandrel upon the completion of the extruding. In a preferred 
embodiment, the method further indudes drilling out the mandrel. In a 
preferred embodiment, the method further indudes supporting the mandrel 
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with coiled tubing. In a preferred embodiment, the mandrel redprocatea. In a 
preferred embodiment, the mandrel is displaced in a first direction during the 
presstirization of the interior region of the mandrel, and the mandrel is 
displaced in a second direction during a de-pressurization of the interior region 
5 of the mandrel. In a preferred embodiment, the tubular liner is maintained in a 
substantially stationary position during the pressurization of the interior region 
of the mandrel. In a preferred embodimrat, the tubular liner is supported by 
the mandrel during a de-pressurization of the interior region of the mandrel. 
A wellbore casing has also been described that includes a first tubular 
10 m^nber having a first inside diameter, and a second tubular member having a 
second inside diameter substantially equal to the first inside diameter coupled 
to the first tubular member in an overtyping relationship. The first and 
second tubular members are coupled by the process of deforming a portion of 
the second tubular member into contact with a portion of the first tubular 
15 member. In a preferred embodimmt, the second tubular member is deformed 
by tiie process of placing the first and second tubular members in an 
overlapping relation ship, radially expanding at least a portion of the first 
tubular member, and radially expanding the second tubular member. In a 
preferred embodiment, the second tubular member is radially expanded by the 
20 process of supporting the second tubular member and a mandrel within the 
wellbore using a support member, injecting a fluidic material into the wellbore, 
pressurizing an interior region of the mandrel, and displacing a portion of the 
mandrel relative to the support m^nbor. In a preferred embodiment, the 
injecting includes injecting hardenable fiuidic sealing material into an annular 
25 region located between the borehole and the exterior of the second liner, and 
injecting non hardenable fluidic material into an intmor region of the mandrel. 
In a preferred embodimoit, the wellbore casing further includes fluidicly 
isolating the aimular region firom the interior region of the mandrel before 
iiuecting the non hardenable fluidic matOTal into the interior n^on of the 
30 mandreL In a preferred embodiment, the ixuecting of the hardenable fluidic 
sealing matmal is provided at operating pressures and flow rates ranging firom 
about 0 to 5,000 psi and 0 to 1,500 gallons/min. In a preferred embodiment, the 
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injecting of the non hardenable fluidic material is provided at operating 
pressures and flow rates ranging from about 500 to 9,000 psi and 40 to 3,000 
gallons^nin. In a preferred embodiment, the injecting bf the non hardenable 
fluidic material is provided at reduced operating pressures and flow rates 
5 during an end portion of the radial expansion. In a preferred embodiment, the 
fluidic material is uqected into one or more pressure chambers. In a preferred 
embodiment, one or more pressure chambers are pressurized In a preferred 
embodiment, the pressure chambers are pressurized to pressures ranging from 
about 500 to 9,000 psi. In a preferred embodiment, the wellbore casing further 

10 includes fluididy isolating an interior region of the mandrel from an exterior 
region of the mandrd. In a preferred embodiment, the interior r^on of the 
mandrel is isolated from the region exterior to the mandrel by inserting one or 
more plugs into the ii\)ected fluidic material. In a preferred embodiment, the 
wellbore casing further includes curing at least a portion of the fluidic material, 

15 and removing at least a portion of the cured fluidic material located within the 
second tubular liner. In a preferred embodiment, the wellbore casing further 
includes sealing the overlap between the first and second tubular liners. In a 
preferred embodiment^ the weUbore casing fiirther indudes supporting the ' 
second tubular liner using the overlap with the first tubular liner. In a 

20 preferred embodiment, the wellbore casing further indUdes testing the 

integrity of the seal in the overlap between the first and second tubular liners. 
In a preferred emhodimmt^ the wellbore casing fiirther indudes removing at 
least a portion of the hardenable fluidic sealing material within the second 
tubular liner before curing. In a preferred embodiment, the weUbore casing 

25 fiirther indudes lubricating the surface of the mandrel. In a preferred 
embodiment, the wellbore casing further indudes absorbing shodc In a 
preferred embodiment, the wellbore casing further indudes catching the 
mandrel upon the completion of the radial expansion. In a preferred 
embodiment, the wellbore casing further indudes drilling out the mandrel. In a 

30 preferred embodiment, the wellbore casing further indude supporting the 
mandrel with coiled tubing. In a preferred embodiment, the mandrel 
redprocates. In a preferred enxbodiment, the mandrel is displaced in a first 
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direction during the pressurization of the interior region of the mandrel; and 
wherein the mandrel is displaced in a second direction during a de* 
pressurization of the interior region of the mandreL Iil a preferred 
embodiment^ the second tubular liner is maintained in a substantiaUy 
5 stationary position during the pressurization of the interior region of the 
mandrel. In a preferred embodiment, the second tubular liner is supported by 
the mandrel during a de-pressurization of the interior region of the noiandrel. 

An apparatus for expanding a tubular member has also been described 
that includes a support member including a fluid passage, a mandrel movably 
10 coupled to the support member including an expansion cone, at least one 
pressure chamber defined by and positioned between the support member and 
mandrel fluididy coupled to the first fluid passage, and one or more releasable 
supports coupled to the support member adapted to support the tubular 
member. In a preferred embodiment^ the fluid passage includes a throat 
15 passage having a reduced inner diameter. In a prrferred embodiment, the 
mandrel includes one or more annular pistons. In a preferred embodiment, the 
apparatus includes a plurality of pressure chambers. In a preferred 
embodimrat, the pressure chambers are at least partially defined by annular 
pistons. In a preferred embodimrat, the releasable supports are positioned 
20 below the mandrel. In a preferred embodiment, the releasable supports are 
positioned above the mandrel. In a preferred embodiment^ the releasable 
supports comprise hydraulic slips. In a preferred embodiment, the releasable 
supports conqsrise mechanical slips. In a preferred embodiment, the releasable 
supports conqiriae drag blocks. In a preferred embodiment, the numdrel 
25 includes one or more annular pistons, and an expansion cone coupled to the 
a n nula r pistona* In a prefmed embodiment, one or more of the anmiiar 
pistons indude an eaqumaion cone. In a preferred embodiment, the pressure 
chambers comprise a««MlAr pressure chambers. 

An apparatus has also been described that indudes one or more solid 
30 tubular members, each solid tubular member induding one or more external 
seals, one or more slotted tubular members coupled to the solid tubular 
members, and a shoe coupled to one of the slotted tubular members. In a 
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preferred embodiment, the apparatus further includes one or more 
intermediate solid tubular menOiers . coupled to and interleaved among the 
slotted tubular members, each intermediate solid tubular member including 
one or more external seals. In a preferred embodiment, the apparatus further 
5 includes one or more vaWe members. In a preferred embodiment, one or more 
of the intermediate soUd tabular members include one or more valve members. 

A method of joining a second tubular member to b first tabular member, 
the first tubular member having an inner diameter greater than an outer 
diameter of the second tubular member, has also been described that includes 
10 positioning a mandrel within an interior region of the second tubular member, 
pressurizing a portion of the interior region of the mandrel, displacing the 
mandrel relative to the second tubular member, and extruding at least a portion 
of the second tubular member off of the mandrel into engagement with the first 
tubular member. In a preferred embodiinent, the pressurizing of the portion of 
15 the interior region of the mandrel is provided at operating pressures ranging 
fi^m about 500 to 9.000 psi. In a preferred embodiment, the pressurizing of the 
portion of the interior region of the mandrel ia provided at reduced operating 
pressures during a latter portion of the extruding. In a preferred embodiment, 
the method fiirther includes sealing the interfieux between the first and second 
20 tubular members. In a preferred embodiment, the method fiirther includes 
supporting the extruded second tubular member using the interface with the 
first tubular nuanher. In a preferred embodiment, the method fiirther includes 
lubricating the surface of the mandreL In a preferred embodiment, the method 
fiurther includes afaeoorbing shock. In a preferred embodiment, the method 
25 further includes positioning the first and second tubular members in an 
overlapping relationship. In a preferred embodiment, the method further 
includes fluididy isohiting an interior region of the mandrel an exterior region 
of the mandreL In a preferred embodiment, the interior region of the mandrel 
is fluididy isolated from the region exterior to the mandrel by ii^ecting one or 
30 more plugs into the interior of the mandrel. In a preferred embodiment, the 
pressurizing of the portion of the interior region of the mandrel is provided by 
injecting a fluidic material at operating pressures and flow rates ranging from 
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about 500 to 9,000 psi and 40 to 3,000 gallona^ninute. In a preferred 
embodiment) the method further indudea injecting fluidic material beyond the 
mandrel. In a preferred embodiment, one or more pressiure chambers defined 
by the mandrel are pressurized. In a preferred embodiment, the pressure 
5 chaniibers are pressurized to pressures ranging from about 500 to 9,(XX) psL In 
a preferred embodiment, the first tubular member comprises an OTi> tjn|r section 
of a wellbore. In a preferred embodiment, the method further includes sealing 
the interface between the fiiBt and second tubular members. In a preferred 
embodiment, the method further includes supporting the extruded second 

10 tubular member using the first tubular member. In a preferred embodiment, 
the method further includes testing the integrity of the seal in the interface 
between the first tubular member and the second tubular member. In a 
preferred mibodiment, the method further indudea catching the mandrel upon 
the conqdetion of the extruding. In a preferred embodiment, the method 

15 further includes drilling out the mandrel. In a preferred embodiment, the 
method further include supporting the mandrel with coiled tubing. In a 
preferred embodiment, the method further includes couiding the mandrel to a 
drillable shoe. In a preferred embodiment, the mandrel is displaced in the 
longitudinal direction. In a preferred embodiment, the mandrel is displaced in 

20 a first direction during the pressurization and in a second direction during a de- 
pressurization. 

An apparatus has also been described that includes one or more primary 
solid tubulars, each primary solid tubular including one or more external 
annular seals, n slotted tubulars coupled to the primary sohd tubtilars, n-1 

25 intermediate solid tubulars coupled to and interleaved among the slotted 
tubulars, each intermediate solid tubular including one or more external 
annular seals, and a shoe coupled to one of the slotted tubulars. 

A method of isolating a first subterranean zone firom a second 
subterranean zone in a wellbore has also been described that includes 

30 positioning one or more primary solid tubulars withini the wellbore, the primary 
solid tubulars traversing the first subterranean zone, positioning one or more 
slotted tubulars within the wellbore, the slotted tubulars traversing the second 
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subterranean zone, fluididy coupling the slotted tubulars and the solid 
tubulars, and preventing the passage qf fluids firom the first subterranean zone 
to the second subterranean zone within the wellbore external to the solid and 
slotted tubulars. 

5 A method of extracting materials from a producing subterranean zone in 

a wellbore, at least a portion of the wellbore including a casing, has also been 
described that includes positioning one or more primary solid tubulars within 
the wellbore, fluididy coupling the primary solid tubulars vdth the casing, 
positioning one or more slotted tubulars within the wellbore, the slotted 
10 tubulars traversing the producing subterranean zone, Quididy coupling the 
slotted tubulars with the solid tubulars, fluididy isolating the produdng 
subterranean zone from at least one other subterranean zone within the 
wellbore, and fluididy coupling at least one of the slotted tubulars trom the 
producing subterranean zone. In a preferred embodimrat, the method further 

15 indudes controUabty fluidic^y decoupling at least one of the slotted tubulars 
from at least one other of the slotted tubulars. 

A method of creating a casing in a borehole while also drilling the 
borehole also has been described that indudes installing a tubular liner, a 
mandrel, and a drilling assembfy in the borehole. A fluidic material is injected 

20 within the tubular liner, mandrel and drilling assembly. At least a portion of 
the tubular liner is radially expanded while the borehole is drilled using the 
drilling assembly. In a preferred embodiment^ the iiqecting indudes injecting 
the fluidic material within an expandable duanber. In a p r efer red embodiment, 
the iiuecting indudes injecting hardenable fluidic sealing material into an 

25 annular region located between the borehole and the eztmor of the tubular 
liner. In a preferred embodiment, the ityecting of the hardenable fluidic sealing 
material is provided at operating pressures and flow rates ranging from about 0 
to 5,000 psi and 0 to 1,500 gallona/min. In a preferred embodiment, the 
injecting of the fluidic material is provided at operating pressures and flow rates 

30 ranging &t>m about 500 to 9,000 psi and 40 to 3,000 gallons/min. In a preferred 
embodiment, the injecting of the fluidic material is provided at reduced 
operating pressures and flow rates during an end portion of the radial 
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expansion. In a prefeired embodiment, the method furtlier indudes curing at 
least a portion of the 0iiidic matenal; and removing at least a portion of the 
cured fltudic material located within the tubular liner. In a preferred 
embodiment, the method further includes overlapping the tubular, liner with an 
5 existing weUbore casing. In a preferred embodiment, the method further 
includes sealing the overlap between the tubular liner and the existing weUbore 
casing. In a preferred embodiment, the method furtherindudes supporting the 
extruded tubular liner using the ov^p vdih the existing weUbore casing. In a 
preferred embodiment, the method further indudes testing the integrity of the 
10 seal in the overlap between the tubular liner and the existing weUbore casing. 
In a preferred embodimoit, the method ftirther indudes lubricating the surface 
of the mandrel. In a fnreferred embodiment, the method further indudes 
absorbing 8ho<^ In a preferred embodiment, the method further indudes 
catching the mandrel upon the comidetion of the extruding. In a preferred 
15 embodiment, the method further inchidea expanding the mandrd in a radial 
direction. In a preferred embodiment, the method further indudes drilling out 
the mandrel In a preferred embodiment, the method further indudes 
supporting the mandrel with coiled tubing. In a preferred embodiment, the 
waU thickness of the tubular member is variable. In a preferred embodiment, 
20 the mandrel is coupled to a drillable shoe. 

An ^iparatus has also been described that indudes a support member, 
the support member induding a first fluid passage; a mandrel coupled to the 
support membo-, the mandrel induding: a second fluid passage; a tubular 
member coupled to the mandrd; and a shoe coupled to the tubular hner, the 
25 shoe induding a third fluid passage; and a drilling assembly coupled to the shoe; 
wherein the first, second and third fluid passages and the drilling aaa&My are 
operably coupled. In a preferred onbodiment, the support monber further 
indudes: a pressure relief passage and a flow control valve coupled to the first 
fluid passage and the pressure refief passage. In a preferred embodiment, the 
30 support member further indudes a shock absorber. In a preferred embodiment, 
the support member indudes one or more sealing members adapted to prevent 
foreign material from entmng an interior region of the tubular member. In a 
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preferred embodiment, the support member includes one or more stabilizers. 
In a preferred embodiment, the jntiandrel is expandable. In a preferred 
embodiment, the tubular member is fabricated from materials selected from the 
group consisting of Oilfield Country Tubular Goods, automotive grade steel, 
5 plastic and chromium steel. In a prefiored embodiment, the tubular member 
has inner and outer diameters ranging from about 0.75 to 47 inches and 1.05 to 
48 inches, respectively. In a preferred embodiment, the tubular member has a 
plastic yield point ranging from about 40,000 to 135,000 psi. In a preferred 
embodiment, the tubular member includes one or more sealing members at sn 
10 end portion. In a preferred embodiment, the tubular member includes one or 
more pressure relief holes at an end portion. In a preferred embodiment, the 
tubular member includes a catching member at an end portion for slovring 
down movement of the mandrel. In a preferred embodiment, the support 
member comprises coiled tubing. In a preferred embodiment, at least a portion 
15 of the mandrel and shoe are drillable. In a preferred embodiment, the wall 
thickness of the tubular m^iber in an area adjacent to the mandrel is less than 
the wall thickness of the tubular member in an area that is not adjacent to the 
mandrel. In a prrfenred embodiment, the ^paratua fiirther includes an 
expandable chamber. In a preferred enbodiment, the expandable chamber is 
20 approximatdy cylindrical In a preferred mbodiment; the expandable 
chamber is approximatdty annular. 

A method of forming an underground pipeline within an underground 
tunnel including at leaat a first tubular m«nbCT and a second tubular member, 
the first tubular member having an inner diameter greater than an outer 
25 diameter of the second tubular member, has also been described that includes 
positioning the first tubular member within the tunnel; positioning the second 
tubular member within the tunnel in an owlapping relationship with the first 
tubular member, positioning a mandrel and a drilling assembly within an 
interior region of the second tubular member, ii^ecting a fiuidic material within 
30 the mandrel, drilling assembly and the second tubular member, extruding at 
least a portion of the second tubular member ofi* of the mandrel into 
engagement with the first tubular member, and drilling the tunnel. In a 
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preferred embodiment, the iiuectiiig of the fluidic material is provided at 
operating pressures ranging^&pm about 500 to 9,000 pei. In a preferred 
embodiment) the injecting of the fluidic material is provided at reduced 
operating pressures during a latter portion of the extruding. In a preferred 
5 embodiment, the method further includes sealing the interface between the 
first and second tubular members. In a preferred embodiment, the method 
further includes supporting the extruded second tubular member using the 
interface with the first tubular member. In a preferred embodiment^ the 
method further includes lubricating the surface of the mandrel. In a preferred 

10 embodiment, the method further includes absorbing shock. In a prefored 
embodimenti the method further includes expanding the mandrel in a radial 
direction. In a preferred embodiment, the method further indudesealing the 
interface brtween the first aiid second tubular members. In a prefmed 
embodimwt, the method further includes supporting the eactruded second 

15 tubular member using the first tubular member. In a preferred embodiment, 
the method further includes testing the integrity of the seal in the intnface 
between the first tubular member and the second tubular member* In a 
preferred embodiment, the method further includes catching the mandrel upon 
the completion of the eactruding. In a preferred embodiment, the method 

20 further includes drilling out the mandrel. In a prrferred embodiment, the 
method further includes supporting the mandrel with coiled tubing. In a 
preferred embodiment, the method further includes coupling the mandrel to a 
drillable shoe. In a preferred embodiment, the fluidic material is injected into 
an expandable chamber. In a preferred embodiment, the expandable chamber 

25 is substantiaUy cylindricaL In a preferred embodiment, the expandable 
chamber is substantially annular. An apparatus has also been described 
that includes a wellbore, the wellbore formed by the process of drilling the 
wellbore; and a tubular liner positioned within the wellbore, the tubular liner 
formed by the process of extruding the tubular liner o£f of a mandrel while 

30 drilling the wellbore. In a preferred embodiment, the tubular liner is formed by 
the process of: placing the tubular liner and mandrel within the wellbore; and 
pressurizinganinterior portion of the tubular liner. In a preferred ' 
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embodiment, the interior portion of the tubular liner is pressurized at pressures 
ranging from about 500 to 9^000 psL . In a preferred embodiment, the tubular 
liner is formed by the process of: placing the tubular lin w and mandrel within 
the weilbore; and pressurizing an interior portion of the mandrel. > In a 
5 preferred embodiment, the interior portion of the mandrel is pressurized at 
pressures ranging from about 500 to 9,000 psi. In a preferred embodiment, the 
apparatus further includes an annular body of a cured Ouidic material coupled 
to the tubular liner. In a preferred embodiment, the anTiiiliiy body of a cured 
fluidic sealing material is formed by the process of: ixgecting a body of 
10 hardenable fluidic sealing material into an annular region external of the 
tubular liner. In a preferred embodiment, the tubular liner overleqps with an 
existing weilbore casing. In a preferred embodiment, the apparatus further 
includes a seal positioned in the overlap between the tubular hner and the 
existing weilbore casing. In a preferred embodiment, the tubular liner is 
15 supported by the overlap with the existing weilbore casing. In a preferred 
embodiment, the proceaa of extruding the tubular liner includes the 
pressurizing of an expandable chamber. In a preferred embodiment, the 
expandable chamber la substantially cylindrical. In a preferred embodiment, 
the expandable chamber is substantial^ annular. 

20 Amethodof forming a weilbore casing in a weilbore has also bew 

described that indudes drilling out the weilbore while forming the weilbore 
casing. In a preferred embodimrat, the fonning indudea: "p^n'^^fig a tubular 
member in the radial directionL In a p re f erred ernhft ditne nt, the tnjmntKng 
indudes: displacing a mandrel relative to the tubular member. In a preferred 

25 embodiment, the displacing indudes: expanding an expandable chamber. In a 
preferred embodiment, the expandable diamber comprises a cylindrical 
c h a mb er. In a preferred embodiment, the expandable chamber comprises an 
annular chamber. 

A method of expanding a tubular monber has also been described that 

30 indudes placing a mandrel within the tubular member, pressurizing an annular 
region within the tubular member, and displacing the mandrd with respect to 
the tubular membv. In a preferred embodiment, the method further indudes 
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removing fluids within the tiibular member that are displaced by the 
displacement of the mandrel, In a preferred embodiment^ the removed fliuds 
pass inside the annular region. In a preferred embodiment, the volume of the 
annular region increases. In a preferred embodiment, the method further 
5 indudessealingoff the annular region. In a preferred embodiment, sealing off 
the annular region includes sealing a stationary member and sealing a non* 
stationary member. In a preferred embodiment, the method further includes 
conveying fluids in opposite directions. In a preferred embodiment, the method 
further includes conveying a pressurized fluid and a non<pressurized fluid in 
10 opposite directions. In a prefenred embodiment, the pressurizing is provided at 
operating pressures ranging from about 0 to 9,000 psi. In a preferred 
embodiment, the pressurizing is provided at flow rates ranging from about 0 to 
3,000 gallons/minute. 

A method of coupling a tubular member to preexisting structure has also 
15 been described that includes positioning the tubular member in an overlapping 
relationship to the preexisting structure, placing a mandrel within the tubular 
member, pressurizing an annular region within the tubular member, and 
displacing the mandrel with respect to the tubtilar member. In a preferred 
embodiment, the method further includes removing fluids within the tubular 
20 member that are displaced by the displacement of the mandrel. In a preferred 
embodiment, the removed fluids pass inside the annular region. In a preferred 
embodiment, the volume of the annular region increases. In a preferred 
embodiment, the method further includes sealing off the AnT^ ni^r region. In a 
preferred embodiment^ sealing off the mnular r^on includes sealing a 
25 stationary member and sealing a non-stationary m^nber. In a preferred 
embodimmt, the method further includes conveying fluids in opposite 
directions. In a preferred embodiment, the method further includes conveying 
a pressurized fluid and a non-pressurized fluid in opposite directions. In a 
preferred embodiment, the pressurizing is provided at operating pressures 
30 ranging from about 0 to 9,000 psL In a preferred embodiment, the pressurizing 
is provided at flow rates ranging from about 0 to 3,000 gallons/minute. 
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A method of repairing a defect in a preexisting structure using a tubular 
member has also been, described that includes positioning the tubular member 
in an overlapping relationship to the defect in the preexisting structure, placing 
a mandrel within the tubular member, pressurizing an anniUar region within 
5 the tubular member, and displacing the mandrel with respect to the tubular 
member. In a preferred embodiment, the method further includes removing 
fluids within the tubular member that are displaced by the displacement of the 
mandrel. In a preferred embodiment, the removed fluids pass inside the 
annular region. In a preferred embodiment, the volume of the annMlar region 

10 increases. In a preferred embodiment, the method further includes sealing ofl" 
the annular region. In a preferred embodiment, sealing ofif the AnTnilar r^on 
includes sealing a stationaiy member and sealing a non-stationary member. In 
a preferred embodimenti the method further includes conveying fluids in 
opposite directions. In a preferred embodiment, the method farther includes 

15 conveying a pressurized fluid and a non-pressurized fluid in opposite directions. 
In a preferred embodiment, the pressurizing is provided at operating pressures 
ranging from about 0 to 9,000 psi. In a preferred embodiment^ the pressurizing 
is provided at flow rates ranging from about 0 to 3,000 gaUons/minute. In a 
preferred embodimenti the method further indudes sealing the interface 

20 between the preeadsting structure and the tubular member at ends of the 
tubular member. 

An iq>paratU8 for radiaUy expanding a tubular member has also been 
described that indudes a first tubular member, a second tubular member 
positioned within the first tubular member, a third tubular member movably 

25 coupled to and positioned within the second tubular member, a first annular 
sealing member for sealing an interface between the first and second tubular 
members, a second annular sealing member for sealing an interface between 
the second and third tubular members, and a mandrd positioned within the 
first tubular member and coupled to an end of the third tubular mraiber. In a 

30 preferred embodiment, the apparatus further indudes an annular diamber 
defined by the first tubular member, the second tubular member, the third 
tubular member, the first annular sealing member, the second «nnp|fir seaUng 
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member, aad the mandrel. In a preferred embodiment^ the apparatus further 
includes an annular passage^d^ed by the second tubular memb^ and the 
third tubular member. In a prefenred embodiment, the apparatus further 
includes a fluid passage contained within the third tubular member and the 
5 mandrel. In a preferred embodiment, the apparatus further includes one or 
more sealing members coupled to an eztoior surface of the first tubular 
member. In a preferred enibodiment, the apparatus further includes an 
annular chamber defined by the first tubular member, the second tubular 
member, the third tubular member, the first annular sealing member, the 
10 second ann u lar sealing member, and the mandrel, and annular passage defined 
by the second tubular member and the third tubular member. In a preferred 
embodiment, the annular chamber and the annular passage are fluididy 
coupled. In a preferred embodiment, the apparatus further includes one or 
more slips coupled to the exterior surface of the first tubular member. In a 
15 preferred embodiment, the mandrel includes a conical surface. In a preferred 
embodiment, the angle of attadc of the conical surface ranges firom about 10 to 
30 degrees. In a preferred embodiment, the conical surface has a surface 
hardness ranging firom about 58 to 62 Rockwell C. 

An apparatus has also been described that indudes a tubular monber, a 
20 piston adsq^ted to expand the diameter of the tubufar member positioned within 
the tubular member, the piston induding a passage for conveying fluids out of 
the tubular member, and an annular chamber defined by the piston and tubular 
member. In a fnefenred embodinient, the piston inchidea a conical surfa^ In a 
preferred embodimenti the angle of attack of the comcirl surface ranges fi:om 
25 about 10 to 30 degrees. In a preferred embodimmt, the conical surface has a 
surface hardness ranging from about 58 to 62 Rockwell C. In a preferred 
embodiment, the tubular member indudes one or more sealing members 
coupled to the exterior surface of the tubular member. 

A wellbore casing has also been described that indudes a first tubular 
30 member and a second tubular member coupled to the first tubular member. 
The second tubular member is coupled to the first tubular member by the 
process of positioning the second tubular member in an overlapping 
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relationship to the first tubular member, placing a mandrel within the second 
tubular member, pressurizing an annular r^on within the second tubular 
member, and displacing the mandrel with respect to the second tubular 
member. In a preferred embodiment, the wellbore casing further iiicludes 
5 removing flxiids within the second tubular member that are displaced by the 
displacement of the mandrel. In a preferred embodiment, the removed fluids 
pass inside the annular region. In a preferred embodiment, the volume of the 
annular region increases. In a preferred embodiment, the weUbore casing 
further includes sealing off the annular region. In a preferred embodiment, 
10 sealing off the annular region includes sealing a stationary member and sealing 
a non-stationaiy member. In a preferred embodiment, the wellbore casing 
further including conveying fluids in opposite directions. In a preferred 
embodiment, the weUbore casing furtho* includes conveiying a pressurized fluid 
and a non-pressurized fluid in opposite directions. In a preferr^ embodiment, 
15 the pressurizing is provided at operating pressures ranging from about 0 to 
9,000 psi. In a prrferred embodiment, the pressurizing is provided at flow rates 
ranging from about 0 to 3,000 gallons/minute. 

An apparatus has also been described that includes a preexisting 
structure and a tubular member coupled to the preeodsttng structure. The 
20 tubular member is coupled to the preexisting structure by the process of: 
positioning the tubular member in an overlapping relationship to the 
preexisting structure, placing a mandrel within the tubular member, 
pressurizing an annular region within the tubular member, and displacing the 
mandrel with respect to the tubular member. In a preferred embodiment, the 
25 ^paratus further indudes removing fluids within the tubular member that are 
displaced by the displacement of the mandrel. In a preferred embodiment, the 
removed fluids pass inside the annular region. In a preferred embodiment, the 
volume of the annular region increases. In a preferred embodiment, the 
apparatus further indudes sealing off the annular region. In a preferred 
30 enibodiment, sealing off the annular region indudes sealing a stationary 

member and sealing a non-stationary member. In a preferred embodiment, the 
apparatus further indudes conveying fluids in opposite directions. In a 
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preferred embodiment, the apparatus further includes conveying a pressurized 
fluid and a non-pressurized fluid in opposite directions. In a preferred 
embodiment, the pressurizing is provided at operating pressives ranging from 
about 0 to 9,000 psi. In a preferred embodiment, the pressurizing ib provided at 
5 flow rates ranging from about 0 to 3,000 gallons/tninute. 

An apparatus has also been described that includes a preexisting 
structure having a defective portion and a tubular member coupled to the 
defective portion of the pro^xisting structure. The tubular member is coupled 
to the defective portion of the preexisting structure by the process of: 
10 positioning the tubular member in an overlapping relationship to the defect in 
the preexisting structure, placing a mandrel within the tubular member, 
pressurizing an annular region within the tubular member, and displacing the 
mandrel with respect to the tubular member. In a prefer red embodimnt, the 
iq)paratus further includes removing fluids within the tubular member that are 
15 displaced by the displacement of the mandrd. In a prrferred embodiment, the 
removed fluids pass inside the annular r^on. In a preferred embodiment, the 
volume of the annular region increases. In a p r ef e r red embodiment^ the 
apparatus further includes sealing off the annnlAy region. In a preferred 
embodimenti sealing off the annnfaT region includes sealing a stationaiy 
20 member and sealing a non-staiionazy member. In a preferred embodiment, the 
apparatus fiirthar includes conveying fluids in opposite directions. In a 
prrferred aobodimatit, the apparatus Anther includes conveying a pressurized 
fluid and a non-ivessurised fluid in opposite directions. Inapreferred 
embodiment, the pressurizing is i^vided at operating pressures ranging from 
25 about 0 to 9,000 psi. In a prrfenred embodiment, the pressurizing is provided at 
flow rates ranging from about 0 to 3,000 gallonaAninute. In a prefOTed 
embodiment, the apparatus f\nther includes sealing the interface between the 
preexisting structure and the tubular member at ends of the tubular member. 
A method of expanding a tubular member haa also been described that 
30 includes placing a mandrd within the tubular member, pressurizing a region 
within the tubular member, and displacing the mandrd with respect to the 
tubular member. In a preferred embodiment, the pressurizing is provided at 
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operating pressures ranging from about 0 to 9,000 psi. In a preferred 
embodiment, Uie pressurizing is provided at flow rates ranging from about 0 to 
3,000 gallons/minute. In a preferred embodiment^ the tubular member is 
expanded beginning at an upper portion of the tubular member. • 
5 A method of coupling a tubular member to preexisting structure has also 

been described that includes positioning the tubular member in an overlapping 
relationship to the preexisting structure^ placing a mandrel within the tubular 
member, pressurizing an interior region within the tubular member, and 
displacing the mandrel with respect to the tubular meniber. Inapreferred 
10 embodiment^ the pressiurizing is provided at operating pressures ranging 

about 0 to 9,000 psi. In a preferred embodiment, the pressurizing is provided at 
flow rates ranging from about 0 to 3,000 gallons/minute. Inapreferred 
embodiment, the tubular meniber is expanded beginning at an upper portion of 
the tubular member. 

15 A method of repairing a defect in a preexisting structure using a tubular 

member has also been described that includes positioning the tubular member 
in an overlapping relationship to the defect in the preexisting structure, placing 
a mandrel within the tubular member, pressurizing an interior region within 
the tubular member, and displacing the mandrel with respect to the tubular 

20 member. In a preferred embodiment, the pressurizing is provided at operating 
pressures ranging fit)m about 0 to 9.000 psi In a preferred embodiment, the 
pressurizing is provided at flow rates ranging from about 0 to 3,000 
gaUonsAninute. In a preferred embodiment^ the tubular member is expanded 
beginning at an upper portion of the tubular member. In a preferred 

25 embodiment, the method further tndudes sealing the interface between 
preexisting structure and the tubular member at both nds of the tubular 
member. 

An ^paratus for radially expanding a tubular member has also been described 
that includes a first tubular member, a second tubular member coupled to the 
30 first tubular meniber, a third tubular m&sim coupled to the second tubular 
member, and a mandrel positioned within the second tubular member and 
coupled to an end portion of the third tubular member. In a preferred 
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embodiment, the mandrel includes a fluid passage having an inlet adapted to 
receive fluid stop member. In ainreferred embodiment^ the apparatus further 
includes one or more slips coupled to the exterior surface of the third tubular 
member. In a preferred embodiment, the mandrel includes a conical surface. 
5 In a i»^eferred embodimenti the an^e of attack of the conical smf ace ranges 
from about 10 to SO degrees. In a preferred embodiment, the conical surface 
has a surface hardness ranging from about 58 to 62 Rockwell C. Inapreferred 
embodiment, the avoage inside diameter of the second tubular member is 
greater than the average inside diameter of the third tubular member. 

10 An apparatus has also been described that includes a tubular member, a 

piston adapted to expand the diameter of the tubular member positioned wi thin 
the tubular member, the piston including a passage for conveying fluids out of 
the tubular member. In a preferred embodiment, the piston indudes a conical 
surface. In a preferred embodiment, the angle of attack of the conical surface 

15 ranges frt)m about 10 to 30 d^rees. In a preferred embodiment, the conical 
surface has a surface hardness ranging from about 58 to 62 Rockwell C. In a 
preferred embodiment, the tubular member includes one or more sealing 
.members coupled to the exterior surface of the tubular member. 

A wellbore casing has also been described that includes a first tubular 

20 member and a second tubular member coupled to the first tubular member. 
The second tubular member is coupled to the first tubular member by the 
process of: positioning the second tubular member in an overlapping 
relationship to the first tubular member, placing a mandrel within the second 
tubular member^ pressurizing an interior region within the second tubular 

25 member* and displaiaog the niandrd with respect to the second^ 

member. In a preferred embodiment, the pressuriring is provided at operating 
pressures ranging &t>m about 0 to 9,000 psi. In a {averred embodiment, the 
pressurizing is provided at flow rates ranging from about 0 to 3,000 
gallons/minute. 

30 An apparatus has also been described that includes a preexisting 

structure and a tubular member coupled to the preexisting structure. The 
tubular member is coupled to the preexisting structure by the process of: 
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positaoning the tubular member in an overlapping relationship to the 
preexisting structure, placing a mandrel within the tubular member, 
pressurizing an interior region within the tubular meniber, and displadng the 
mandrel with respect to the tubular monber. In a preferred embodiment, the 
5 pressurizing is provided at operating pressures ranging from about 0 to 9,000 
psi. In a preferred embodiment^ the pressurizing is provided at flow rates 
ranging from about 0 to 3,000 gallona/minute. 

An apparatus has also been described that includes a preexisting 
structure having a defective portion and a tubular member coupled to the 
10 drfedive portion of the preexisting structure. The tubular member is coupled 
to the defective portion of the preexisting structure by the process of: 
positioning the tubular mraiber in an overlapping relationship to the defect in 
the preexisting structure, placing a mandrel within the tubular member, 
pressurizing an interior region within the tubular member, and displacing the 
15 mandrel with respect to the tubular member. In a preferred embodiment, the 
pressurizing is provided at operating pressures ranging from about 0 to 9,000 
psi. In a preferred embodiment, the pressurizing is provided at flow rates 
ranging from about 0 to 3,000 gallons/minute. In a preferred embodiment, the 
apparatus further includes sealing the interface between the preexisting 
20 structure and the tubular member at both ends of the tubular member. 

An apparatus also has been described that includes a first tubular 
member, a second tubular member, and a threaded connection for coupling the 
first tubular monber to the second tubular member. The threaded connection 
includes one or more sealing members for sealing the interface between the first 
25 and second tubular members. In a preferred embodimenti the threaded 
connection oompriaes a pin and box threaded connection. Inapreferred 
embodiment, the sealing members are positioned a4jacent to an end portion of 
the threaded connection. In a preferred embodiment, one of the sealing 
members is positioned aictfacent to an end portion of the threaded connection; 
30 and wherein another one of the sealing members is not positioned adjacent to 
an end portion of the threaded connection. In a prefOTed embodiment, a 
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plurality of the sealing members are positioned adljacent to an end portion of 
the threaded coxmection. 

An apparatus also has been described that includes a tubular assembly 
having a first tubular member, a second tubular member, and a threaded 
5 connection for coupling the first tubular member to the second tubular 
member. The threaded connection includes one or more sealing members for 
sealing the interface between the first and second tubular members. The 
tubular assembly is formed by the process of radiaUy expanding the tubular 
assembly. In a preferred ooabodiment, the threaded connection comprises a pin 
10 and box threaded connection. In a preferred embodiment, the sealing members 
are positioned adjacent to an end portion of the threaded connection. In a 
preferred embodiment, one of the sealing members is positioned adjacent to an 
end portion of the threaded connection; and wherein another one of the sealing 
members is not positioned ac^acent to an end portion of the threaded 
15 connection. In a preferred embodiment, a plurality of the sealing members are 
positioned adjacent to an end portion of the threaded connection. 

An apparatus also has been described that indudea a tubular member 
and a mandrel positioned within the tubular m^nber including a conical 
surfacehaveanang^eofattackrangingfiromabout 10 to 30 degrees. Ina 
20 preferred embodiment, the tubular menaber includes a first tubular member, a 
second tubular member, and a threaded connection for coupling the first 
tabular member to the second tubular member. The threaded connection 
includes one or more sealing mmbras for sealing the interface between the first 
and second tabular members. In a preferred embodiment, the threaded 
25 connection oooqirises a pin and box threaded connection. Inaprefmred 
raibodiment, the sealing members are positioned acyacent to an end portion of 
the threaded connection. In a preferred embodiment, one of the sealing 
members is positioned adjacrat to an end portion of the threaded connection; 
and wherwi another one of the sealing members is not positioned adjacent to 
30 an end portion of the threaded connection. In a preferred embodiment, a 
plurality of the sealing members are positioned adjacent to an end portion of 
the threaded connection. 
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AJtbough iUustrative embodiments of the inventioii have been shown and 
described, a widte range of modification, changes and substitution is 
contemplated in the foregoing disdoeure. In some instances, some features of 
the present invention may be employed without a corresponding use of the 
5 other features. Accordingly, it is appropriate that the appmded claims be 
construed broad^ and in a manner consistent with the scope of the invention. 
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CLAIMS: 



11. A method of creatiiig a casing in a borehole located in a subterranean 

2 formation, comprising: 

3 installing a tubtdar liner and a mandrel in the borehole; 

4 ii^ecting fluidic material into the borehole; 

5 pressurizing a portion of an interior r^on of the tubular liner; and 

6 radially expanding at least a portion of the liner in the borehole by 

7 extruding at least a portion of the liner off of the mandrel 

1 2. An apparatus for expanding a tubular member, comprising: 

2 a support member, the support member including a first fluid passage; 

3 a mandrel coupled to the support member, the mandrel including: 

4 a second fluid passage; 

5 a tubtilar member coupled to the mandrel; and 

6 a shoe coupled to the tubular liner, the shoe including a third fluid 

7 passage; 

8 wherein the first, second and third fluid passages are operably coupled. 

1 3. A method ofjoining a second tubular member to a first tubular member, 

2 the first tubular member having an inner diameter greator than an outer 
3 . diameter of the second tubular member, com|irising: 

4 positioning a mandrel within an interior region of the second tubular 

5 member; 

6 pressurizing a portion of the interior region of the second tubular 

7 member; and 

8 extruding at least a portion of the second tubular member off of the 

9 mandrel into engagement with the first tubular member. 

14. A tubular liner, comprising: 

2 an annular member, the annular membw including: 
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3 one or more sealing members at an end portion of the annular 

4 member; an.d 

5 one or more pressure relief passages at an end portion of the 

6 annular member. 

15. A wellbore casing, comprising: 

2 a tubular liner, the tubular liner formed by the ptocess of: 

3 extruding the tubular liner off of a mandrel; and 

4 an annular body of a cured Quidic sealing material coupled to the tubular 

5 liner. 

16. A tie-back liner for lining an existing wellbore casing, comprising: 

2 a tubular liner, the tubular liner formed by the process of: 

3 extruding at least a portion of the tubular liner off of a mandrel; 

4 and 

5 an annular boc^y of a cured fluidic sealing material coupled to the tubular 

6 liner. 

1 7. An ^paratus for expanding a tubular member, comprising: 

2 a support member including a first fluid passage; 

3 a mandrd coupled to the support member, the mandrel including: 

4 a second fluid passage operably coupled to the first fluid passage; 

5 an interior portion; and 

6 an exterior portion; 

7 wherein the interior portion of the mandrel ia drillable; 

8 an expandable tubular member coupled to the mandrel; and 

9 a shoe coufded to the tubular member, the shoe induding: 

* fl^d passage operably coupled to the second fluid passage; 
an interior portion; and 

12 an exterior portion; 

13 wherein the interior portion of the shoe is drillable. 
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14 8. A wellhead, comprising: 

15 an outer casing; and! . 

16 a plurality of substantially concentric and overlapping inner casings 

17 coupled to the outer casing; 

18 wherein each inner casing is supported by contact pressure between an 

19 outer surface of the inner casing and an inner surface of the outer 

20 casing. 

1 9. A wellhead, comprising: 

2 an outer casing at least partially positioned within a wellbore; and 

3 a plurality of substantially concentric inner casings coupled to the 

4 interior surface of the outer casing by the process of expanding 

5 one or more of the inner casings into contact with at least a 

6 portion of the interior surface of the outer casing. 

1 10. A method of forming a wellhead, comprising: 

2 drilling a wellbore; 

3 positioning an outer casing at least partially within an upp^ portion of 

4 the wellbore; 

5 podtioning a first tubular member within the outer casing; 

6 expanding at least a portion of the first tubular member into contact 

7 withaninterior surface of the outer casing 

8 positioning a second tubular member within the outer casing and the 

9 fiiBt tubular member; and 

10 expanding at least a portion of the second tubular member into contact 

11 with an interior portion of the outer casing. 

1 11. An apparatus, comprising: 

2 an outer tubular member; and 

3 a plurality of substantially concentric and overlapping inner tubular 

4 members coupled to the outer tubular member; 
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5 wherein each inner tubular member is supported by contact pressure 

6 between an outer surface of the inner casing and an inner surface 

7 of the outer inner tubular member. 

1 12« An apparatus, comprising: 

2 an outer tubular member, and 

3 a plurality of substantially concentric inner tubular mraibers coupled to 

4 the interior surface of the outer tubular member by the process of 

5 expanding one or more of the inner tubular members into contact 

6 with at least a portion of the interior surface of the outer tubular 

7 member. 

1 13* A wellbore casing, comprising: 

2 a first tubular mraober; and 

3 a second tabular member coufAed to the first tubular member in an 

4 overlapping rdationship; 

5 wherein the inner diameter of the first tubular member is substantially 

6 ecfual to the inner diameter of the second tubular member. 

1 14. A wellbore casing, comprising: 

2 a tubular member including at least one thin wall section and a thick 

3 wall section; and 

4 a compressible annular member coupled to each thin wall section. 

1 15. A method ofcreating a casing in a borehole located in a subterranean 

2 formation, comprising: 

3 supporting a tubular liner and a mandrel in the borehole using a support 

4 member; 

6 injecting fluidic material into the borehole; 

6 pressuriziag an interior region of the mandrel; 

7 displacing a. portion of the mandrel relative to the support member; and 

8 radial^ expanding the tubular liner. 
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1 16. A wellbore casing, comprismg: 

2 a first tubular meinb« having a jSxst inside diameter; and 

3 a second tubular member having a second inside diameter substantially 

4 equal to the first inside diameter coupled to the first iubular 

5 member in an overlapping relationship; 

6 wherein the first and second tubular members are coupled by the process 

7 of deforming a portion of the second tubular member into contact 

8 with a portion of the first tiibular member. 

1 17. An apparatus for expanding a tubular member, comprising: 

2 a support member including a fluid passage; 

3 a mandrel movably coupled to the support member including an 
. 4 expansion cone; 

5 at least one pressure chamber defined by and positioned between the 

6 support member and mandrd fluididy coupled to the first fluid 

7 passage; and 

8 one or more releasable supports coupled to the support member edited 

9 to support the tubular member. 

1 18. An apparatus, comprising: 

2 one or more solid tubular members, each solid tubular member including 

3 one or.more external seals; 

. 4 one or more slotted tubular members coupled to the solid tubular 

5 memben; and 

6 a shoe coupled to one of the slotted tabular members. 

1 19. A method of joining a second tubular member to a first tubular member, 

2 the first tubular member having an inner diameter greater than an outer 

3 diameter of the second tubular member, com{vising: 

4 positioning a mandrel within an interior region of the second tubular 

5 member;' 

6 pressurizing a portion of the interior region of the mandrel; 
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7 displacing the mandrel relative to the second tubular member; and 

8 otruding at le^^t a portion of the second tubular member off of the 

9 mandrel into engagement with the first tubular member. 

1 20. An apparatiis, comprising: 

2 one or more primary solid tubulars, each primary solid tubular including 

3 one or more external antmlar seals; 

4 n slotted tubulars coupled to the primary solid tubulars; 

5 n-1 intermediate solid tubulars coupled to and interleaved among the 

6 slotted tubulars, each intermediate solid tubular including one or 

7 more external annnlttr seals; and 

8 a shoe coupled to one of the slotted tubulars. 

1 21. A method of isolating a first subterranean zone from a second 

2 subterranean zone in a wellbore, comprising: 

3 positioning one or more primaiy solid tubulars within the wellbore, the 

4 primary solid tubulars traversing the first subterranean zone; 

5 positioning one or more slotted tubulars within the wellbore, the slotted 

6 tubulars traversing the second subterranean zone; 

7 fluidi<4y coupling the slotted tubulars and the solid tubulars; and 

8 preventing the passage of fluids firom the first subterranean zone to the 

9 second subterranean zone within the wellbore external to the solid 
10 and slotted tubulara 

1 22. A method of extracting materials firom a producing subterranean zone in 

2 a wellbore, at least a portion of the wellbore including a casing, comprise 

3 positioning one or more inimaiy solid tubulars within the wellbore; 

4 fluidic^y coiq)ling the primary solid tubulars with the casing; 

5 positioning one or more slotted tubulars within the wellbore, the slotted 

6 tubulars traversing the producing subterranean zone; 

7 fluididy coupling the slotted tubulars with the solid tubulars; 
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S fluididy isolating the producing subterranean zone firom at least one 
9 other subtOTapean zone within the wellbore; and 

10 fluididy coupling at least one of the slotted tubulars from the producing 

11 subterranean zone. 

1 23. A method of creating a casing in a borehole while also drilling the 

2 borehole, comprising: 

3 installing a tubular liner, a mandrel, and a drilling assembly in the 

4 borehole; 

5 injecting fluidic material within the tubular liner, mandrel and drilling 

6 assembly; 

7 radially expanding at least a portion of the tubular liner; and 

8 drilling the bor^ole using the drilling assembly. 

1 24. An a|)paratus, comprising: 

2 a support member, the support member induding a Grst fluid passage; 

3 a mandrel coupled to the support member, the mandrel induding: 

4 a second fluid passage; 

5 a tubular member coupled to the mandrel; and 

6 a shoe coupled to the tubular liner, the shoe induding a third fluid 

7 passage; and 

8 a drilling assembly coupled to the shoe; 

9 wheran the firsts second and third fluid passages and the drilling 
10 aaaembly are operably coupled. 

1 25. A method of forming an underground pipdine within an underground 



2 tunnd induding at least a first tubular member and a second tubular member, 

3 the first tubular member having an inner diameter greater than an outer 

4 diameter of the second tubular member, comprising: 



5 positioning the first tubular member within the tunnd; 

6 positioning the second tubular member within the tunnd in an 

7 overlapping rdationship with the first tubular member; 
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8 positioning a mandrel and a drilling assembly within an interior region of 

9 the second tubular member; 

10 injecting a fluidic material within the mandrel, chilling assembly and the 

11 second tubular member; 

12 extruding at least a portion of the second tubular member off of the 

13 mandrel into engagement with the first tubular member; and 

14 drilling the tunnel. 

1 26. An apparatus, comprising: 

2 a wellbore, the wellbore formed by the process of drilling the wellbore; 

3 and 

4 a tubular liner positioned within the wellbore, the tubular liner formed 

5 by the process of extruding the tubular liner off of a mandrel while 

6 drilling the wellbore. 

1 27. A method of expanding a tubular member, comprising: 

2 placing a mandrel within the tubular member; 

3 pressurizing an annular region within the tubular member; and 

4 displacing the mandrel with respect to the tubular member. 

1 28. A method of coupling a tubular member to pr^xisting structure, 

2 comprising: 

3 positioning the tubular member in an overli^ping relationship to the 

4 proGxiating structure; 

5 placing a mandrel within the tubular member; 

6 pressurizing an annular region within the tubular member, and 

7 displacing the mandrel with respect to the tubular member. 

1 29. A method of repairing a defect in a preexisting structure using a tubular 

2 member, comprising: 

3 positioning the tubular member in an overlsq>ping relationship to the 

4 defect in the preexisting structure; 
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5 placing a mandrel within the tubular member; 

6 pressurizing an annular region within the tubular member; and 

7 displacing the mandrel with respect to the tubular member. 

1 30. An apparatus for radially expanding a tubular member, comprising: 

2 a first tubular member; 

3 a second tubular member positioned within the first tubular member; 

4 a third tubular member movab^ coupled to and positioned within the 

5 second tubular member; 

6 a first annular sealing member for sealing an interface between the first 

7 and second tubular members; 

8 a second annular sealing member for sealing an interface between the 

9 second and third tubular m^nbers; and 

10 a mandrel positioned within the first tubular member and coupled to an 

11 end of the third tubular member. 

1 31. An apparatus, comprising: 

2 a tubular member; 

3 a piston adapted to expand the diameter of the tubular member 

4 positioned witiiin the tubular member, the piston including a 

5 passage for conveying fluids out of the tubular member; and 

6 an annular chamber defined by the piston and tubular m^nber. 

1 32. A wellbore casing comprisingi 

2 a first tubular member; and 

3 a second tubular member coupled to the first tubular member by the 

4 process of: 

5 positioning the second tubular monber in an overiiqiping 

6 relattonahip to the first tubular member 

7 placing a mandrel within the second tubular member, 

8 pressurizing an annular region within the second tubular member; 

9 and 
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10 displacing the mandrel with respect to the second tubular 

11 member. 

12 33. An apparatus, comprising: 

13 a preexisting structure; and 

14 a tubular member coupled to the preexisting structure by the process of: 

15 positioning the tubular member in an overlapping relationship to 

16 the preexisting structure; 

17 placing a mandrel within the tubular member, 

18 pressurizing an annular r^on within the tubular member; and 

19 displacing the mandrel with respect to the tubular member. 

1 34. An apparatus, comprising: 

2 a preexisting structure having a defectiye portion; and 

3 a tubiilar member coupled to the defective portion of the preexisting 

4 structure by the process of: 

5 positioning the tubular member in an overlapping relationship to 

6 the defect in the preexisting structure; 

7 placing a mandrel within the tubular member; 

8 pressurizing an annular region within the tubular member, and 

9 displacing the mandrel with respect to the tubular member. 

1 35. Amethodof expanding a tubular member, comprising: 

2 pladng a mandrel within the tubular member; 

3 pressurizing a r^on within the tubidar member; and 

4 displacing the mandrel with respect to the tubular member. 

1 36. A method of coupling a tubular member to preexisting structure, 

2 comprising: 

3 positioning the tubular member in an overlapping relationship to the 

4 preexisting structure; 

a placing a mandrel within the tubular member; 
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6 pressurizing an interior region within the tubular member; and 

7 displacing the mandrel with respect to the tubular member. 

1 37. A method of repairing a defect in a preexisting structure using a tubular 

2 member^ comprising: 

3 positioning the tubular member in an overlapping relationship to the 

4 defect in the preexisting structure; 

5 placing a mandrel within the tubular mmber; 

6 pressurizing an interior region within the tubular member, and 

7 displacing the mandrel with respect to the tubular member. 

1 38. An apparatus for radially expanding a tubular member, comprising: 

2 a first tubular member; 

3 a second tubular member coupled to the first tubular member; 

4 a third tubular member coupled to the second tubular member, and 

5 a mandrel positioned within the second tubular member and coupled to 

6 an end portion of the tluzd tubular member. 

1. 39. An apparatus, comprising: 

2 a tubular member; 

3 a piston ada p ted to expand the diameter of the tubular membw 

4 positioned within the tubular member, the piston including a 

5 passage for conveying fluids out of the tubular member. 

1 40. A wellbore casing, comprising: 

2 a first tubular member; and 

3 asecondtubular member coupled to the first tubular member by the 

4 process of: 

5 positioning the second tubular member in an overlapping 

6 relationship to the first tubular member 

7 placing a mandrel within the second tubular member; 
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8 pressurizing an interior region within the second tubular member; 

9 and 

10 displacing the mandrel with respect to the second tubular 

11 member. 

1 41. An apparatus, comprising: 

2 a preexisting structiure; and 

3 a tubular member coupled to the preexisting structure by the process of: 

4 positioning the tubular member in an overlapping relationship to 

5 the preexisting structure; 

6 placing a mandrel within the tubular member; 

7 pressurizing an interior region within the tubular member; and 

8 displacing the mandrel with respect to the tubular member. 

1 42. An apparatus, comprising: 

2 a preexisting structure having a defective portion; and 

3 a tubular member coupled to the defective portion of the preexisting 

4 structure by the process of: 

5 positioning the tubular member in an overlapping relationship to 

6 the defect in the preexisting structure; 

7 placing a mandrel within the tubular menober; 

8 pressurizing an interior region within the tubular member; and 

9 displacing the mandrel with respect to the tubular member. 

1 43. An apparatus, comprising: 

2 a first tubular member, 

3 a second tubular member, and 

4 a threaded connection for coupling the first tubular member to the 

5 second tubular member, the threaded connection including: 

6 one or more sealing members for sealing the interface between the 

7 • first and second tubular membm. 
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1 44. The apparatus of claim 43, wherein the threaded connection comprises a 

2 pin and box threaded connection. . 

1 45. The apparatus of daim 43, wherein the sealing members are* positioned 

2 adjacent to an end portion of the threaded connection. 

1 46. Theapparatu8ofdaim43, wherein one of the sealing members is 

2 positioned acQacent to an end portion of the threaded connection; and wherein 

3 another one of the sealing members is not positioned ax^acent to an end portion 

4 of the threaded connection. 

1 47. Theapparatusof claim 43, wherein a plurality of the sealing members 

2 are positioned acy aoent to an end portion of the threaded connection. 

1 48. An qiparatus, comprising: 



2 a tubular assembly including: 

3 a first tubular member; 

4 a second tubular member; and 

5 a threaded connection for coupling the first tubular member to the 

6 second tubular member, the threaded connection including: 

7 one or more sealing members for sealing the interface 

8 between the first and second tubidar members; 

9 wherdn the tubular assembly is formed by the process of radially 
10 expanding the tubular assembfy. 



1 49. The apparatus of daim 48, ydierein the threaded connection comprises a 

2 pin and box threaded connection. 

1 50. Theapparatuaofdaim48,wherdn the sealing members are positioned 

2 adjacent to an end portion of the threaded connection. 



-294. 

SUBSTITUTE SHEET (RULE 26) 



WOOO/T7431 



PCT/ILOO/00245 



1 51. The apparatus of claim 48, wherein one of the sealing members is 

2 positioned a4jaoent to an end pqrtian of the threaded connection; and wherein 

3 another one of the sealing members is not positioned adjacent to an end portion 

4 of the threaded connection. 



1 52. The apparatus of claim 48, wherein a plurality of the sealing members 

2 are positioned adjacent to an end portion of the threaded connection. 

1 53. An apparatus, comprising: 

2 a tubular member; and 

3 a mandrel positioned within the tubular member including a conical 

4 surface have an angle of attack ranging from about 10 to 30 
6 degrees. 

1 54. The apparatus of claim 53, wherein the tubular monber includes: 

2 a first tubular member; 

3 a second tubular member; and 

4 a threaded connection for coupling the first tubidar member to the 

5 second tubular member, the threaded connection including: 

6 one or more sealing members for sealing the interface between the 

7 first and second tubular members. 

1 55. The apparatus of claim 53, wheran the threaded connection comprises a 

2 pin and box threaded connection. 

1 56. The apparatus of claim 53, wherein the sealing members are positioned 



2 a4jacent to an end portion of the threaded connection. 

1 57. The apparatus of daim 53, wherdn one of the sealing members is 

2 positioned acQacent to an end portion of the threaded connection; and wherein 

3 another one of the sealing members is not positioned adjacent to an end portion 

4 of the threaded connection. 
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1 58. The apparatus of claim 53, wherein a plurality of the sealing members 

2 are positioned adjacent to an end portipn of the threaded connection. 
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